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DESIGN  OF  AIRCRAFT  REVETMENTS 

ABSTRACT 

Air  flow  over  two-dimensional  model  revetments,  mounted  in  the  4  x  15  Inch 
Shock  Tube,  was  traced  by  means  of  cigarette  smoke  grids  photographed  by  a  high 
speed  framing  camera.  Tables  of  densities,  flow  speeds,  and  directions  of  flow, 
computed  from  the  photographs,  are  given  for  an  input  shook  wave  of  8.5  psl 
average  overpressure.  Plow  vectors  are  shown  to  Illustrate  the  differences  in 
the  flow  patterns  for  the  different  revetments  tested. 
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1.  UrapODUCTION 


The  present  study  of  pressure  and  flow  patterns  in  model  revetments  was 
undertalien  to  determine  the  design  requirements  for  a  revetment  suitable  for 
the  protection  of  parked  aircraft  and  semi-mobile  missiles.  Such  design  re¬ 
quirements  are  important  to  both  the  offensive  and  defensive  planner.  Infor¬ 
mation  about  aircraft  protection  by  revetments  is  required  by  both  the  Air 
Force  Intelligence  and  the  Air  Force,  and  Army  Tactical  Commands. 

Previous  experiments.  Reference  1-5)  with  both  laboratory  shock  waves 
and  with  field  produced  blast  waves  have  shown  that  protection  against  drag-type 
damage  is  given  by  a  shield  placed  upstream  of  the  object  to  be  protected. 

For  purposes  of  comparative  study,  the  dynamic  pressure,  l/2  p  u  ,  at  a  point 
behind  the  shield  has  been  used  as  an  indicator  of  the  damage  potential  for 
given  points  within  the  flow  field.  The  experiment  described  here  is  designed 
to  measxire  the  density,  p,  and  the  flow  speed,  u,  for  an  input  shock  wave  of 
constant  pressure  crossing  a  two-dimensional  revetment  model  placed  in  the  • 

4  X  15  inch  shock  tube. 

The  smoke  stream  technique.  References  6  and  7;  was  modified  by  creating 
a  grid  from  cigarette  smoke.  The  smoke  grid  was  used  to  trace  the  movement  of 
the  air  flow  past  the  model.  The  change  in  grid  area  as  it  moved  with  the  flow 
Indicated  changes  in  density  of  the  air  flow. 

This  smoke  teclinlque  was  used  with  high  speed  photography  which  enabled  both 
velocity  vectors  and  density  to  be  found  for  specified  points  within  the  model 
as  a  function  of  the  travel  time  across  the  model.  An  illustration  is  given  ex¬ 
plaining  how  the  flow  patterns  obtained  by  the  smoke  stream  technique  may  be 
combined  with  a  prior  knowledge  of  the  aerodynamic  and  vulnerability  characteris¬ 
tics  of  a  particular  parked  aircraft  or  missile  to  enable  a  prediction  of  its 
movement  or  damage  to  be  made. 
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2.  DESCRIPTION  OP  THE  APPARATUS 


2.1  General  Description 

A  schematic  of  the  apparatus  is  shown  in  Figure  l.  The  smoke  generator  and 
model  revetment  are  shown  separately  below  and  are  omitted  from  Figure  1  for  pur¬ 
poses  of  clarity. 

A  conventional  air-driven  4-  x  15  inch  shock  tube,  operated  at  an  average 
ambient  pre-shot  pressure  of  14.8  psi,  was  used  for  the  experiment.  Tracings  of 
the  characteristic  shock  waveforms  are  shown  in  Figure  2.  About  1.1  msec,  Figure 
2-C,  of  the  initial  step  portion  of  the  shock  wave  was  used  to  furnish  data  for 
the  experiments.  The  input  pressure  was  considered  constant  for  the  purposes  of 
this  experiment  since  the  variation  in  waveform  was  small  over  this  time  interval. 

The  revetment  model  was  mounted  at  the  Inside  top  of  the  test  section  to 
avoid  pieces  of  "J^lar"  diaphragm  material  from  accumulating  inside  the  model. 

The  model  is  described  in  Section  2.4  . 

A  Model  557  ASCOR  Speedlight  flash  lamp  was  modified  by  attaching  to  it  a 
reflecting  cone  with  a  small  d.l-inch  diameter  hole  at  the  small  end  closed  by  a 
piece  of  glass  from  a  frosted  light  bulb  glued  over  the  hole.  This  served  as  a 
sufficiently  small  point  source  for  the  9-iuch  diameter  collimating  lens. 

A  high  speed  framing  camera,  Dynafax  Model  526-3,  was  used  to  record  the 
shock  wave  and  the  associated  flow  across  the  revetment  model.  The  camera  system 
was  synchronized  by  a  sequence  timer  which  fired  the  shock  tube  and  opened  the 
camera  shutter  which  was  pre-set  at  l/lO  sec.  The  flash  lamp  was  activated  from 
a  pressure  transducer  when  the  shock  wave  crossed  its  svirface.  The  flash  lamp 
duration  was  pre-set  to  coincide  with  one  revolution  of  the  camera  film  drum. 

A  shock  wave  velocity  system  and  a  frequency  meter  for  the  camera  speed, 
completed  the  control  equipment. 

2.2  Camera  Operation 

Two  difficulties  arose  during  the  use  of  the  Dynafax  camera.  Optical  align¬ 
ment  of  the  camera  was  difficult  because  of  the  Internal  diamond  stops.  The 
second  problem  was  a  mechanical  one.  The  film  would  Jam  in  the  camera  quite  often 
when  loading  from  the  film  cassette  into  the  camera  drum.  This  caused  excess 
camera  vibration,  the  film  to  shred,  and  camera  misalignment. 
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FIG.  I  EXPERIMENTAL  APPARATUS 


FIG.  2  WAVEFORMS  FROM  THE  4X15  INCH  SHOCK  TUBE 


The  alignment  was  simplified  by  the  use  of  a  machined  focusing  tube,  II/16 
inch  long.  A  5/32-lnch  hole  was  bored  in  the  flat  end  plate  of  the  focusing  tube 
to  allow  the  light  beam  to  be  centered. 

For  alignment,  the  focusing  tube  was  threaded  into  the  lens  barrel.  The 
image  of  the  point  source  was  focused  on  the  plate  of  the  focusing  tube  and  ad¬ 
justed  to  pass  through  the  aligning  hole  in  the  end  plate.  The  alignment  was 
completed  by  placing  a  front  surface  rairrow  against  the  focusing  plate  and  re¬ 
flecting  the  light  image  back  into  the  field  lens  to  exactly  fill  it  with  light. 

A  careful  alignment  was  necessary  in  order  to  have  well  filled,  uniformly  illu¬ 
minated  film  frames.  For  camera  operation,  the  focusing  tube  was  replaced  with 
the  light  shield  furnished  for  the  camera  lens.  The  film  loading  problem  was 
alleviated  by  pulling  the  film  into  the  cassette  very  tightly  when  it  was  loaded, 
and  by  putting  a  very  tight  reverse  curl  to  the  square  film  end.  If  the  films 
were  immediately  loaded  into  the  camera.  Jamming  was  kept  to  a  minimum. 

Sufficient  light  was  obtained  from  the  modified  flash  lamp  described  to  allow 
Kodak  Double  -  X  film  to  be  used.  For  frame  exposures  of  I.05  jisec,  it  was  nec¬ 
essary  to  process  the  film  twice  the  recommended  developing  time  in  Ethol  UPG 
film  developer.  Since  only  perforated  Double  -  X  film  was  available,  a  loss  of 
information  occurred  whenever  the  image  was  at  a  perforation.  Unperforated  film 
would  have  increased  the  possible  information  area  and  also  perhaps  aided  in  the 
loading  of  the  film  cassette  had  the  film  been  available. 

2  ■  5  Smoke  Generators 

Several  methods  and  materials  were  tried  in  a  search  for  a  clean,  dense,  and 
easily  produced  smoke.  Several  materials  were  tried  and  discarded  because  of 
certain  disadvantages  they  had.  These  are  listed  below: 

1.  "Dry  ice",  COg,  had  air  blown  over  it;  water  condensed  in  the  capillary 
smoke  tubes. 

2,  Hydrochloric  acid  fumes  were  mixed  with  ammonia  hydroxide;  a  solid  pre¬ 
cipitate  formed  in  the  capillary  smoke  tubes  and  closed  them. 

5.  A  smoke  was  made  from  wood  pulp  incense;  water  vapor  condensed  in  the 
tubes. 
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U.  Air  was  blown  over  hot  SAE  20  motor  oil;  the  smohe  produced  was  not 
dense  enough  to  photograph  well. 

5.  An  aerosol  spray  was  made  from  "Flexol"  (di-2  ethylhexylphthalate ,  D0P)j 
It  was  not  dense  enough,  even  when  dyed  with  an  oil  dye  (Calco  Red  Z-17OO). 
Cigarette  smoke  was  superior  In  density,  and  photographed  better,  than  any  other 
"smoke"  tested.  Figure  5  shows  the  method  used  for  production  of  the  smoke 
streams  which  formed  the  grid  used. 

The  streams  were  produced  by  a  vacuum  pump  evenly  "smoking"  two  cigarettes, 
one  for  each  set  of  streams .  Two  flow  valves  were  used  to  meter  the  very  critical 
flow  needed  to  maintain  stable  streams  of  smoke.  Bypass  valves  were  later  In¬ 
stalled  around  the  metering  valves  In  order  to  start  the  smoke  quickly  during 
the  Initial  burning  of  the  cigarettes;  then,  the  bypass  valves  were  closed.  The 
metering  valves  then  continued  to  maintain  a  steady  flow  of  smoke  suitable  for 
photographing . 

Too  fast  a  flow,  dirty  capillary  tubes,  or  touching  smoke  streams  caused  an 
unsteady  flow  of  smoke.  After  careful  adjustment  a  grid  of  vertical  and  hori¬ 
zontal  streams,  spaced  l/4  inch  between  the  planes  of  the  two  sets,  was  maintained 
for  long  enough  time  to  fire  the  shock  tube  and  record  the  flow.  This  procedure 
was  used  for  each  repeated  shot  of  the  experiment. 

2.4  Revetment  Models 

A  sketch  of  the  basic  type  of  model  tested  is  shown  in  Figure  4  with  an 
arrangement  of  the  smoke  grid  obtained  from  the  cigarette  generators.  The  ver¬ 
tical  streams  were  moved  from  position  to  position  in  order  to  observe  the  flow 
at  different  points  Inside  the  model  as  a  function  of  time.  During  the  latter 
stage  of  the  experiment  a  four-stream  grid  was  also  used  to  lessen  the  total  number 
of  shots  needed. 

The  model  shown  in  Figure  4  is  one  of  three  tested.  The  three  were  chosen 
to  illustrate  the  effects  upon  the  air  flow  caused  by  changes  In  model  shape, 
spacing,  and  orientation.  The  sloping  models  are  adaptations  of  the  basic  shape 
given  in  Reference  7.  A  descriptive  sketch  for  each  is  Included  in  the  corre¬ 
sponding  data  table  below. 
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3.  DATA  REDUCTION 


The  photographs  of  Figure  5  show  the  method  of  alternate  framing  on  the  film 
characteristic  of  the  Dynafax  camera.  The  pictures  show  the  shock  wave  moving 
from  left  to  right  across  the  revetment  models,  causing  the  smoke  grids  to  move 
with  the  air  flow  behind  the  shock  wave. 

The  data  reduction  was  begun  by  assigning  an  arbitrary  center  of  coordinates 
to  a  point  at  the  Inside  bottom  edge  of  the  upstream  part  of  the  model.  The  smoke 
grid  Intersections  were  read  by  an  optical  film  reader,  using  this  coordinate 
system.  Prom  these  coordinates,  the  distance  of  smoke  grid  travel  and  direction 
of  travel  were  calculated  from  frame  to  frame .  The  distances  in  counts  given  from 
the  reader  were  converted  to  actual  distance  by  using  the  separation  distance 
between  the  two  parts  of  the  model  as  a  conversion  scale.  The  distances  of  grid 
intersection  travel  were  divided  by  the  time  between  frames  (obtained  from  the 
camera  speed)  to  obtain  an  average  flow  speed.  The  average  velocity  vectors  ob¬ 
tained  in  this  way  were  assumed  to  have  an  origin  located  half-way  in  space  and 
time  between  the  two  frames  was  used  for  the  velocity  calculation. 

The  times  shown  in  Figure  5  were  calculated  from  zero  time  beginning  at  the 
time  the  free  stream  shock  wave  appeared  at  a  point  over  the  coordinate  system 
origin  (the  bottom  inside  edge  of  the  upstream  model)  to  the  position  shown  by 
the  given  frame .  The  velocity  of  the  free  stream  shock  wave  was  obtained  from  a 
separate  velocity  system.  This  velocity  and  the  distance  of  the  shock  wave  from 
the  coordinate  origin  (frame  1  of  P’igure  5A)  allowed  the  initial  frame  time  of 
T  =  44  |jisec  to  be  calculated.  Succeeding  frame  times  were  found  by  adding  to  the 
initial  time  the  frame  separation  time,  as  found  from  the  camera  film  drum 
speed. 

Density  at  points  behind  the  shock  wave  was  found  by  comparing  the  flow  of 
the  disturbed  smoke  grid  areas  with  the  undisturbed  pre-shot  grids  of  the  known 
density,  p^.  The  dynamic  pressure,  l/2  p  u’,  could  then  be  found  from  the  density 
calculations  and  the  flow  speed  assigned  to  the  particular  grid. 
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Fig.  5  Time  Sequence  of  Shock  Wave  CroBBing  Revetment  Models 
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Fig.  5A  Revetment  with  Inclined  Interior  Walls 
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Fig.  (continued) 
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Fig.  5B  Revetment  with  Vertical  Interior  Walls 
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4.  RESULTS  Airo  APPLICATION 

4.1  Results 

The  data  from  the  present  experiment  are  eiunmarlzed  in  Tables  I,  II,  and.  V. 

The  data  in  Tables  III  and  IV  ajre  rearranged  from  Reference  7  for  comparison  with 
the  present  data.  Only  data  for  times  at  which  significant  changes  occurred  are 
given  in  these  tables.  A  more  complete  listing  of  the  data  is  given  in  the  tables 
presented  in  Appendix  A. 

Models  I  and  III  were  of  the  same  shape  and -spacing,  but  were  oriented  to 
the  flow  differently.  Models  I  and  II  were  oriented  similarly  but  with  dj.ffereat 
spacing.  Model  V  was  tested  to  show  the  effect  of  a  vertical  sided  revetment. 

One  can  see  by  comparing  Figure  5  with  the  data  tables  that  the  flow  regions, 
as  a  function  of  time,  may  be  divided  into  roughly  five  intervals:  an  initial 
entrance  phase;  diffraction  of  the  shock  wave  into  the  model;  the  downstream  cross¬ 
ing  with  a  regular  reflection  of  the  shock  wave  followed  by  a  Mach  stem  growth  in 
some  cases;  reflection  of  the  shock  wave  from  the  downstream  portion  of  the  model 
back  upstream  into  the  flow;  interaction  of  this  reflection  with  the  upstream 
vortex;  and  finally  a  r,egion  after  the  reflection  expands  out  of  the  model.  The 
same  general  divisions  were  found  to  apply  to  all  the  models  tested. 

A  comparison  of  the  flow  is  made  in  Figure  6.  The  vectors  shown  are  taken 
from  the  complete  tables  in  the  Appendix.  These  values  have  a  possible  error  of 
-  2  percent  for  the  magnitude  of  the  flow  and  a  direction  error  of  -  6  percent. 

Set  1  of  Figure  6  shows  the  contrast  between  the  sloping  interior  wall  and 
the  straight  wall  of  the  model.  Models  I  and  II,  Set  lA,  show  about  the  same  flow 
pattern  with  a  4°  to  8*^  downward  inclination.  The  straight  inside  wall  of  Models 
III  and  y  caused  a  steeper  downward  flow.  Model  III  shows  a  flow  speed  of  27  to 
44  ft/sec.  Model  V  shows  a  range  of  flow  speed  between  IJl  to  about  508  ft/ sec  as 
compared  to  300  to  362  ft/sec  for  the  sloping  Models  I  and  II. 

Little  change  is  seen  for  Models  I,  II,  and  III  in  Set  2  of  Figure  6.  Model 
V,  however,  exhibits  a  vortex  action  at  the  upstream  end  of  the  model  which  tends 
to  rotate  the  flow  downward  and  back  upstream.  The  downstream  end  appears  un¬ 
affected. 
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TABLE  I.  DATA  FOR  MODEL  I 


Time, 

in. 

Flow  Speed, 

Angle,  Density  Ratio, 

\i  sec 

X 

y 

ft/sec 

deg 

Remarks 

200 

2.20 

.34 

314 

-8.4 

1.27  Model  I 

2.27 

.66 

343 

-5.6 

1.26 

2-39 

.37 

325 

-6.2 

Shock 

Wave 

316 

2.70 

.34 

353 

-7*9 

1.28 

2,73 

.65 

354 

-7.8 

1.29  T 

1 

3.00 

.39 

380 

-4.7 

3.00 

.67 

405 

-8.1 

Free  Stream  Shock 

51+8 

5.67 

.32 

330 

-4.0 

Parameters 

L.OO 

.34 

281 

-2.5 

P  =8.3  psi 

)|.00 

.66 

305 

-6.4 

Up  =  375  ft/sec 

4.28 

■  63 

335 

-4.1 

U  =  1379  ft/i 

sec 

625 

3  <  90 

.32 

261 

0.0 

Pj,  '=  .00231  * 

slugs/ 

P,  =  14.8  psi 

4.19 

.  34 

292 

0.0 

a. 

Reflection  has 

4.20 

.  66 

271 

+2.5 

passed  smoke 

4.99 

.  C.h 

199 

-7.2 

position. 

702 

4.  iO 

-  '}<■ 

203 

-9.8 

Minimum  flow  speed 

4.  '.ii 

..  33 

164 

-8.4 

4.40 

.(j6 

196 

-5.6 

4. 69 

>0 

211 

+1.1 

856 

4.':  , 

..93 

297 

0.0 

Flow  increases 

4.9O' 

-.37 

303 

+1.1 

again  * 

9.J.Y 

-  Cv 

295 

-9.4 

1083 

.>•79' 

.24 

184 

-6.6 

Reflection  is 

out 

.33 

201 

-14.4 

of  model. 

5,09 

.yd 

185 

-14.7 
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TABLE  II.  DATA  FOR  MODEL  II 


Time; 
|i  sec 


121 


160 


275 


Position, 

in. 

Flow  Speed, 

Angle, 

Density  Ratio, 

Remarks 

X 

y 

ft/sec 

deg 

p/p^ 

.90 

.31 

307 

-7.1 

Model  II 

.92 

.55 

319 

-11.5 

.94 

.79 

528 

-14.2 

Shock  j 

1,10 

.33 

302 

<0 

06 

1 

1.25  . 

Wave 

1.11 

.56 

308 

-12.1 

1.21 

1.15 

.84 

318 

-14.9 

1.21  _ 

k -  A.3S - 

1.06 

.30 

313 

-5.6 

Free  Stream  Shock 

1.08 

.53 

336 

-7.9 

Parameters 

1.12 

.77 

353 

-5.8 

P  =  8.3  psi 

6 

1.26 

.32 

334 

-1.7 

1.33 

Ug  =  375  ft/sec 

1.29 

.55 

343 

-6.2 

1.31 

U  =  1380  ft/sec 

1.50 

.80 

352 

-12.1 

1.33 

=  .00251  slugs/ft^ 

1,1^9 

P^  =  14.8  psi 

.27 

305 

-2.0 

1  ^ 

1.52 

.47 

303 

-6.2 

1.56 

.71 

518 

• 

CO 

1 

1.72 

.30 

515 

-4.4 

1.35 

Mach  stem  arrived  at 

1.73 

.51 

335 

-5.2 

1.55 

downstream  model. 
Height  of  Mach  stem 

1.76 

.74 

314 

-3.5 

l.4l 

is  greater  than  smoke 

2.67 

.35 

306 

-3.2 

1.44 

grid. 

2.68 

.58 

523 

-3.1 

1.45 

2.68 

.85 

565 

-3.1 

1.18 

5.45 

■  58 

350 

-3.6 

1.21 

.62 

351 

-3.9 

1.24 

5.U5 

.88 

355 

-5.4 

1.18 

.39 

319 

-2.7 

1.21 

3. 64 

.63 

551 

-3.5 

1.24 

5.63 

.88 

343 

-3.3 

1.23 

26 


TABLE  II.  (continued)  DATA  FOR  MODEL  II 


Time, 
H  sec 


391 


,  Position 

X 

,  in. 

y 

Flow  Speed, 
ft/ sec 

Angle, 

deg 

Density  Ratio, 
p/pl 

1.61 

.26 

309 

-3.6 

1.64 

•47 

308 

-2.9 

1.69 

.69 

320 

-8.9 

1.85 

.28 

513 

-6.9 

1.45 

1.87 

.49 

324 

-5.8 

1.48 

1.89 

•75 

322 

+1.1 

1.55 

2.82 

.34 

325 

-3.2 

1.38 

2.85 

•57 

325 

-5.4 

1.49 

2.85 

.82 

337 

-4.5 

1.32 

3.04 

.34 

32a 

-3.4 

1.38 

3.o4 

.58 

318 

-3.6 

1.49 

3.02 

.82 

342 

-4.6 

1.32 

3.61 

.38 

347 

+0.9 

1.53 

3.61 

.61 

357 

+0.7 

1.24 

3.62 

.85 

305 

-2.5 

1.20 

3.8c 

.38 

336 

+0.3 

1.33 

.I..91 

■25 

286 

•1.6 

1.94 

,45 

505 

-4.6 

2.00 

.65 

317 

-6.5 

2.16 

,26 

300 

+2,0 

1.41 

2.18 

.48 

516 

-1.9 

1.44 

2.21 

.69 

320 

-10.2 

l.J:4 

3..  19 

.33 

327 

■H.3 

1.69 

3,17 

.56 

333 

+2.9 

1.60 

3.16 

„80 

33-2 

-0.2 

l.i|8 

3.36 

.’5 

500 

12.7 

i.6y 

3..  36 

■  57 

327 

+2.9 

1,68 

9.37 

..:a 

322 

+;3ol 

1..40 

v..ao 

.. j. 

207 

ly.i 

1.39 

3.90 

•C5 

227 

+15.-7 

1,44 

!i.o6 

..  » 

1.39 

Remarks 


Mach  stem  reflects 
from  dovmstream 
mDlel.  Reflection 
is  traveling  upstream. 
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TABLE  II.  (CONTINUED)  DATA  FOR  MODEL  II 


Time, 
H  sec 

468 


583 


Position,  in. 

X  y 

Flow  Speed,  Angle, 
ft/sec  deg 

Density  Ratio 
p/p^^ 

2.19 

.22 

250 

-  4.5 

2.21 

.41 

246 

-  2.0 

2.29 

.64 

263 

-  4.7 

2.42 

.26 

246 

-  1.4 

1.45 

2.45 

.46 

239 

-  0.3 

1.59 

2.50 

.67 

253 

-  4.3 

1.44 

3.38 

.36 

202 

+  2.5 

1.60 

3.40 

.58 

255 

+  7.2 

1.62 

3.42 

.83 

247 

+10.5 

1.47 

3.55 

.37 

188 

+  3.4 

1.60 

3.57 

.60 

214 

+  9.0 

1.60 

3.59 

.86 

251 

+13.1  ■ 

1.47 

4.04 

.45 

198 

422.7 

1.28 

4.09 

.72 

249 

+23.9 

1.26 

4.22 

.51 

191 

+26.6 

1.28 

4.28 

.77 

259 

+27.1 

1.26 

2.45 

.22 

160 

-  2.5 

2.51 

.40 

175 

-  3.0 

2.58 

.60 

176 

-  5.9 

2.71 

.26 

16  4 

-  1.8 

1.42 

2.74 

.45 

184 

-  3.2 

1.55 

2.79 

.67 

200 

-  3.0 

1.45 

3.67 

.36 

208 

+15.3 

3.72 

.62 

230 

+16.5 

1.38 

3.77 

.90 

267 

+13.6 

1.42 

3.86 

.42 

205 

+12.2 

3.90 

.65 

231 

+16.9 

1.38 

3.99 

.94 

269 

+18.0 

1.42 

Remarks 


Reflection  has  passed 
smoke  grid  position. 


Reflection  begins 
to  interact  with 
vortex  from  upstream 
model . 

Flow  speed  becomes 
less  at  this  time. 
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TABLE  II.  (COHTIHUED)  DATA  FOR  MODEL  II 


Timfi,  Position,  in. 

Flow  Speed, 

Angle, 

Density  Ratio, 

M  sec 

X 

y 

ft/ see 

deg 

p/p^ 

Remarks 

660 

2.6k 

.21 

254 

-5.4 

2.70 

.59 

247 

-2.7 

2.78 

.58 

249 

-1.5 

2.92 

.25 

254 

-3.3 

1.47 

2.95 

.45 

234 

-3.5 

1.38 

3.00 

.64 

231 

"3.3 

1.36 

3.87 

.41 

234 

+7.0 

3.97 

.69 

274 

+11.8 

1.34 

3.99 

.95 

282 

+11.7 

4.07 

.47 

238 

+16.9 

4.15 

.73 

290 

+18.5 

4.20 

1.03 

3^5 

♦16.6 

1.34  ■ 

855 

3.22 

.19 

194 

-1.7 

Upstream  reflection 

5.29 

.37 

200 

-0.9 

is  out  of  model 
completely. 

3.40 

.55 

225 

+2.1 

3.51 

.24 

200 

-2.8 

1.43 

3.54 

.44 

203 

+0.9 

1.39 

3. 64 

.66 

236 

+13.4 

1.31 

3.82 

.20 

173 

+1.3 

Vortex  has  lost 

3.90 

.42 

233 

+13.3 

distinction  by 
this  time. 

4.06 

.63 

249 

+13.1 

4.07 

.33 

211 

+16.1 

4.15 

.54 

260 

+21.6 

4.31 

.79 

218 

+4.0 
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TABLE  III.  DATA  FOR  MODEL  III 


Time,  Position,  in*  Flow  Speed,  Angle 
u  sec  X _ y  ft/sec _ deg 


205 

3.00 

.90 

27 

-63 

3.00 

1.12 

44 

-36 

244 

2.60 

.32 

48 

-11 

2.60 

•75 

117 

-36 

2.60 

•  95 

187 

-51 

267 

2.50 

.95 

395 

-24 

3.05  _ 

•  35 

287 

-7 

3.05 

.77 

310 

-6 

3.08 

1.10 

350 

-21 

329 

3.30 

.34 

589 

"5 

3.40 

•  77 

571 

-9 

3.30 

1.10 

i^05 

-19 

391 

3.55 

.32 

299 

-7 

3.35 

.75 

329 

-15 

431 

3.40 

.30 

379 

-9 

3.40 

.72 

392 

-10 

3.50 

.90 

388 

-20 

617 

4.00 

.30 

263 

-7 

4.02 

.62 

260 

-5 

Remarks 
Model  III 


Shock 

Wave 


/I 

UK  1 

Pn 

—  6.0  - »| 

lA  1*-^ 

Note:  Data  taken  from  Teel, 
Ref.  7 


Free  stream  Shock  Parameters 

P  =  8.0  psi 
8 

a  565  ft/ sec 
U  =  1575  ft/sec 
=  .00251  slugs/ft^ 

Pj^  =  14.8  psi 

Note:  Density  measurements 
not  taken. 
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TABLE  rv.,  DATA  FOR 


196 

1.22 

4.9 

1.24 

5.3 

1.00 

252 

1.19 

4.1 

1.30 

6.6 

1.52 

311 

1.23 

5.0 

1.30 

6.6 

1.31 

537 

1.23 

5.0 

1.33 

7.5 

1.54 

379 

1.1k 

3.3 

1.24 

5.4 

1.25 

430 

1.14 

3.0 

1,28 

6.2 

1-57 

l*-92 

1.25 

5.6 

1.53 

12.3 

1.48 

602 

1.38 

8.6 

1.42 

9.5 

1.44 

716 

1.28 

6.4 

1.40 

9.1 

1.39 

830 

1.32 

7.1 

1.28 

6.2 

1.36 

1066 

1.29 

6.4 

1.21 

4.7 

1.34 

1349 

1.40 

9.0 

1,29 

6.4 

l.4o 

1629 

1.35 

7.6 

1.28 

6.2 

l.4o 

Shock  Wave 


Model  IV 
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IV 


Jn  (3;  Position 
I”.  P/Pi 


Remarks 


7.2 

1.33 

5.3 

1.60 

12.5 

1.48 

10.3 

1.45 

9.3 

1.44 

8.2 

1.38 

7.6 

1.46 

7.2 

1.37 

8.4 

1.46 

7.2 

1.40 

IS - >1 


7.0  Note;  Data  from 
Ref.  1 ,  Appendix  B 

12.9 

10.3  Reflection  in 
middle  of  model 

9.5  space. 

9.3  Reflection  inter¬ 
acting  with  up- 
8.0  stream  vortex 

9.9 

7.8 

9.9  Reflection  out  of 
the  model. 

8.5 

Free  stream  shock 
Parameters 

P  =  8,3  psi 

s 

Ug  =  375  ft/sec 

U  =  1379  ft/sec 

p  =  .00231  slugs/ 
^  ft3 

P^  =  11-.8  psi 


TABLE  V.  DATA  FOR  MODEL  V 


Time, 
|i  sec 


no 


148 


265 


Po8ltlon> 

X 

ln>. 

y 

Flov  ^ed, 
ft/sec 

Angle, 

deg 

Density  Ratio, 

P/Pl 

.75 

.38 

177 

-42.7 

1.13 

Model  V 

.77 

.59 

•  236 

-52.9 

1.12 

.81 

.81 

296 

-48.1 

1.13 

Shock  Wave 

1.03 

.65 

219 

-48.3 

1.12 

,1 

1.06 

.88 

251 

-44.4 

1.13  - 

n  n 

!•-— we— 

•  79 

.15 

144 

-40.2 

1.39 

Free  Stream  Shock 

.80 

•52 

181 

-46.9 

1.39 

Parameters 

Pg  =  8.6  psi 

*  385  ft/sec 

.83 

•  50 

.  233 

-44.3 

1.26 

.90 

.71 

298 

-53.3 

1.22 

U  a  1392  ft/sec 

1.04 

1.07 

.15 

.36 

164 

208 

-18.1 

-34.2 

1.39 

1.39 

a  .00231  elug/ft' 
P,  a  14.7  psi 

i.n 

.56 

246 

-39.2 

1.26 

1.15 

.80 

306 

-42.7 

1.22 

Shock  wave  is 

1.75 

.20 

138 

-15.0 

1.14 

about  midway  across 
model. 

1.75 

194 

-33.2 

l.U 

1.76 

.68 

221 

-38.2 

1.20 

1.79 

.91 

244 

-31.4 

1.22 

1.98 

.21 

102 

-24.0 

1.14 

1.99 

.48 

146 

-38.1 

1.11 

2.00 

.70 

154 

-32.2 

1.20 

•95 

.08 

91 

-29.1 

1.99 

.96 

.19 

103 

-10.6 

1.49 

* 

.  1.02 

.32 

154 

-30.7 

1.30 

1.16 

.48 

196 

-66.6 

1.27 

1.34 

.14 

224 

-13.4 

1.79 

1.56 

.33 

246 

-14.3 

1.33 

1.59 

.49 

258 

-12.5 

1.43 

1.64 

.70 

282 

-16.6 

1.25 

2.09 

.15 

286 

+3.1 

1.50 

52 


TABLE  V.  (COMTIMIED)  DATA  FOR  MODEL  V 


OJiine,  Position,  In.  Plow  Speed,  Angle',  iensity  Ratio, 
(I  sec  X  y  ft/sec  deg  p/p^ 


2.12 

.54 

298 

+1.7 

1.44 

2.14 

.54 

512 

-6.4 

1.45 

2.66 

.23 

503 

-3.5 

1.35 

2.66 

.48 

293 

-10.9 

1.42 

2.67 

.66 

294 

-9.0 

1.47 

2.69 

.89 

297 

-12.2 

1.20 

5.06 

.19 

256 

-3.0 

1.32 

5.07 

.47 

272 

-10.6 

1.27 

5.07 

.67 

261 

-11.0 

1.42 

5.09 

.90 

280 

-13.4 

1.15 

.97 

.07 

45 

-76. 0 

1.90 

.99 

.19 

93 

-76.9 

1.34 

1.07 

.29 

129 

-64. 2 

1.43 

1,19 

.42 

174 

-50.0 

1.35 

1,62 

.15 

196 

0 

1 

1.59 

1.66 

.30 

234 

-15.6 

1.33 

1.70 

.47 

288 

-14.5 

1.41 

1.77 

.  66 

292 

-19.6 

1.29 

2.22 

.16 

285 

-15.1 

1.48 

2.24 

.55 

281 

-7.6 

1.47 

2.27 

.55 

289 

-10.7 

1.45 

2.50 

.75 

312 

-13.7 

1.53 

■2.80 

.22 

326 

-8.0 

1.36 

2.81 

.45 

341 

-4.4 

1.34 

2.81 

.64 

324 

-3.8 

1.35 

2.82 

.87 

522 

-12.2 

1.30 

5*59 

.21 

324 

-13.4 

1.36 

3.40 

.46 

325 

-4.5 

1.37 

3.40 

.66 

515 

-3.3 

1.31 

3.48 

.89 

521 

-7.9 

1.32 

Remarks 


Shock  wave  has  reflected 
from  downstream  part  of 
model. 
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TABLE  V.  (COMTINUTED)  DATA  FOE  MODEL  V 


Time, 

“PosTETon] 

1  In. 

Flow  speei. 

Angle, 

Density  Ratio 

Eemarlcs 

wsec 

X 

y 

ft/ sec 

deg 

P/Pi 

2.03 

•09 

140 

-5.4 

1.66 

Mach  reflection  has 

2.08 

.21 

135 

-13.2 

1.47 

formed  from  downstream 
reflection  and  Is  above 

2.17 

.55 

148 

-9.9 

1.57 

the  middle  of  the  model. 

2.25 

.51 

166 

-2.0 

1.46 

2.82 

.15 

68 

-8.5 

1.95 

2.85 

.35 

80 

-18.4 

1.61 

2.90 

.54 

95 

-14.0 

1.62 

2.95 

.74 

101 

+11.3 

1.59 

•3.51 

.20 

61 

+37.6 

.  1.59 

3.54 

.47 

95 

+47.7 

1.77 

3.58 

.70 

134 

+50.4 

1.68 

3.63 

.94 

178 

+44.1 

1.49 

3  •,82 

.23 

61 

+67.6 

1.63 

3.84 

.53 

123 

+66.6 

1.50 

3.87 

.78 

174 

+63.4 

1.50 

3.94 

1.05 

244 

+56. 3 

1.61 

570 

2.07 

•  07 

H  CVI 

-14.0 

-73.3 

1.96 

1.50 

Mach  stem  reflection 
has  Interacted  with 

2.16 

.19 

1.61 

vortex . 

2.25 

.31 

75 

+90.0 

2.35 

.46 

124 

0.0 

1.59 

2.71 

.11 

■128 

0.0 

1.90 

2.75 

.30 

■  124 

-1.4 

1.51 

2.81 

.47 

150 

-1.3 

1.60 

2.89 

.68 

162 

+2.2 

1.45 

3.32 

.24 

101 

+10.8 

1.58 

3.36 

.51 

127 

+4.4 

1.53 

3.42 

.72 

151 

+27.6 

1.54 

3.47 

.96 

171 

+29.2 

1.43 

3.59 

.26 

84 

+16.5 

1.46 

3.66 

.59 

135 

+31.0 

1.72 

3.72 

.86 

175 

+31.6 

1.60 

3.82 

1.14 

273 

+40.5 

1.52 

3h 


TABLE  V.  (CONTINUED)  DATA  FOR  MODEL  V 


Time, 

sec 


646 


858 


Position, 

X 

in. 

V 

Plow  Speed, 
ft/sec 

Angle, 

deg 

Density  Ratio, 

Remarks 

2.12 

.05 

61 

.  +7.6 

2.02 

Small  portion  of 

2.20 

.15. 

58 

-6.3 

1.46 

Mach  stem  has 
reflected  from  up- 

2.51 

.28 

94 

-45.0 

1.47 

stream  wall. 

2.4? 

.45 

102 

-46.7 

1.42 

2.85 

.10 

142 

+4.1 

1.95 

2.89 

.27 

150 

+11.9 

1.60 

.  .2.98 

.47 

158 

-4.1 

1.54 

5.08 

.69 

171 

-17.9 

1.48 

5.41 

.24 

129 

+56.2 

1.63 

3.50 

.54 

162 

+31.0 

1.40 

5.55 

.77 

188 

+36.2 

1.48 

5.65 

1.05 

247 

+40.2 

1.44 

5.68 

.50 

109 

+31.8 

1.30 

3.76 

.65 

118 

+42.3 

1.64 

3.86 

CO 

ON 

• 

168 

+54.2  ' 

1.57 

4.00 

1.30 

242 

+59.2 

1.43 

5.15 

.12 

143 

+2.7 

1.76 

Vortex  has  become 

3.18 

.28 

167 

+14.9 

1.54 

liidistinct. 

3.32 

.50 

165 

+6.8 

1.59 

3.46 

.77 

191 

+8.1 

1.35 

5.58 

.18 

168 

+15.4 

1.76 

3.44 

.42 

170 

+18. 8 

1.55 

.  5.57 

.67 

236 

+31.7 

1.59 

5.75 

1.00 

257 

+39.8 

1.33 

FI6.  6  COMRf^RISON  OF  FLOW  VECTORS 


FI6.  6  (CONTINUED)  COMPARISON  OF  FLOW  VECTORS 


VECTOR  scale:  I  INCH- 200  FT/SEC  SET  IB 


FIG.  6  (CONTINUED)  COMPARISON  OF  FLOW  VECTORS 
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FI6.  6  (CONTINUED)  COMPARISON  OF  FLOW  VECTORS 


The  third  set  of  Figure  6  exhibits  several  changes  from  the  previous  time 
regions.  Model  I  still  shows  about  the  same  flow;  however,  the  reflection  from 
downstream  has  passed  the  observation  position  for  Model  II.  This  caused  the 
flow  of  350  to  360  ft/sec  at  the  previous  time  to  be  changed  to  160  to  200  . 
ft/ sec  and  also  it  caused  an  upward  flow  near  the  downstream  end  of  the  model. 
Model  III  still  exhibits  downward  flows  of  28k  to  330  ft/sec  at  an  inclination  of 
3  to  21°.  Model  V  adso  shows  a  similar  change  to  Jlodel  II  since  the  reflection 
has  also  passed  the  smoke  grid.  This  caused  the  flow  speed  to  become  less  and 
also  gave  it  a  positive  direction  at  the  downstream  end  of  the  model.  The  meas¬ 
ured  flow  speed  ranged  from  36.5  to  about  300  ft/sec  near  the  top  of  the  down¬ 
stream  level . 

Set  4  illustrates  the  reflected  region  of  flow  for  all  the  models.  The  flow 
magnitudes  are  similar,  except  for  Model  V  which  is  smaller.  Model  III  differs 
in  that  the  flow  direction  is  still  downward  towards  the  floor  of  the  model.  The 
last  set  of  Figure  6  shows  an  erratic  behavior  for  Model  I.  This  seems  to  be  the 
result  of  the  reflection  moving  out  of  the  model  and  the  vortex  chan^.  Model 
II  sustains  the  upward  flow. 


Some  insight  about  the  density  within  the  models  may  be  obtained  from  a 
study  of  the  above  Tables  I,  II,  IV,  and  V.  Table  IV  is  included  because  of  a 
model  similarity  to  that  of  Model  III.  The  following  density  pattern  was  found 
to  be  present  within  the  models.  A  density  I’atlo,  p  /  p^,  of  between  1.14  and 
1.23  was  found  for  region  (l),  Model  IV,  for  times  196  to  430  usee.  For  region 
(3),  a  ratio  of  I.57  was  observed  for  a  time  j'ust  after  the  reflected  wave  moved 
upstream  past  the  observation  point.  Data  from  Table  II,  for  Model  II,  show  a 

.  t 

somewhat  higher  ratio  of  1.62  for  this  region.  The  side-on  pressure,  P  from 

s 

Table  IV,  shows  a  corresponding  increase  as  the  reflection  passed.  Table  V  fjhows 
the  density  ratio  increased  to  about  2.  This  value  exceeds  the  value  of  1.88 
for  a  normally  reflected  wave  and  la  probably  caused  by  the  Mach  reflection  which 
appears  to  take  the  place  of  a  regular  reflection.  Approximately  a  free  stream 
density  ratio  of  1.4  occurs  at  later  times,  although.  Model  V  shows  erratic  den¬ 
sity  behavior  throughout. 

The  values  of  density  ratio,  p  /  are  accurate  to  about  -  5  percent. 
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FIG.  6  (CONTINUED)  COMPARISON  OF  FLOW  VECTORS 


VECTOR  SCALE  :  I  INCH  •  200  FT/SEC 
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Ng.  6  (CONTINUEO)  COMMRISON  OF  FLOW  VECTORS 


VECTOR  SCALE:  t  INCH  ■  200  FT/SEC 


FI6.  6  (CONTINUED)  COMPARISON  OF  FLOW  VECTORS 


4.2  Limitations 


!I!lie  present  experimental  data  were  limited  to  those  obtained  from  two-di¬ 
mensional  models.  The  same  general  trends,  however,  ought  to  apply  for  a 
three-dimensional  case.  For  example.  Reference  6  gives  the  slde-on  pressure  for 
three  positions  across  the  floor  of  a  circular  revetment  with  a  cross-section 
similar  in  shape  to  Models  I  and  ZI.  Figure  7  shows  part  of  the  presaxu^-time 
traces  reproduced  from  Reference  8  for  coorparlson  with  the  present  data. 

For  0°  orientation,  reflections  appeared  on  the  traces  for  about  one-half 
millisecond  of  time  to  cause  a  pressure  higher  than  that  of  the  input  wave. 

After  this  time  the  pressure  came  back  to  the  input  level,  then  decayed  below 
that  level.  In  the  270°  orientation,  only  the  position  nearest  a  wall  showed 
the  reflection  to  any  extent. 

This  work  indicates  a  trend,  at  least  in  pressure,  similar  to  that  observed 
for  the  two-dimensional  case. 

4.3  Application 

The  data  may  be  applied  to  a  specific  example  in  the  following  manner.  For 
long  revetment  walls,  the  present  two-dimensional  data  may  be  used.  For  example, 
Model  11,  may  be  scaled  to  full  size  to  meet  the  needs  of  a  particular  alrcreift. 
For  this  application  data  for  the  F-105D  is  used.  Aerodynamic  data  for  a  l/4- 
Qcale  model  test  of  the  F-105,  References  9  and  10  will  be  used  for  the  present 
discussion. 

For  the  revetment  to  accommodate  the  F-105D,  it  is  necessary  to  scale  the 
size  of  the  revetment  model  up  in  size  about  2^0  times.  The  dimensions  of  the 
full  size  revetment  are  shown  in  Figure  8  with  the  schematic  position  of  the.  wing 
and  horizontal  tail.  Only  flow  from  the  head-on  (0°yaw)  orientation  will  be 
considered  here. 

The  revetment  should  be  designed  large  enough  to  keep  the  aircraft  out  of 
the  vortex  from  the  upstream  wall  and  also  out  of  the  positive,  upward  flow  at 
the  sloping  downstream  wall.  The  schematic  wing  and  tall  positions  In  Figure  8 
satisfy  these  requirements.  The  distances  from  the  walls  are  eq\ial  to  about  one 
revetment  wall  height. 
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FI6. 7  PRESSURE-TIME  RECORDS  FROM  CIRCULAR  REVETMENT 


The  asBumptlon  is  made  that  static  shoeH  overpressure  load  will  not  crush 
the  aircraft,  hut  that  the  dynamic  pressure  from  the  air  flow  behind  the  shock 
wave  may  cause  motion  and  perhaps  damage.  For  ideal  protection,  no  motion  ought 
to  occur. 

Three  forms  of  motion  will  be  considered:  translation  along  the  longitudineQ. 
axis  of  the  aircraft,  vertical  translation,  and  pitching  about  the  lateral  axis. 
Accordingly,  drag  force,  lift  force,  and  the  pitching  moment  will  be  calculated. 
Translation  should  occur  if 

>  h  W  (1) 

where  D  is  the  total  drag  force  in  the  horizontal  direction,  n  is  the  static 
coefficient  of  wheel  friction  on  concrete,  and  W  is  weight  of  aircraft.  Vertical 
translation  should  occur  if  the  flight  condition 

L  >  W  is  satisfied,  (2) 

V 

where  L  is  the  lift  force  in  the  vertical  direction.  Pitching  could  occur  if 

y 

the  aircraft  lifts  from  the  parked  position^  or,  the  nose  wheel  or  tail  may  tend 
to  break  without  the  aircraft  leaving  the  ground.  The  latter  case  involves 
strength  of  materials  and  stress  analysis  which  is  beyond  the  scope- of  the  pres¬ 
ent  study. 

Table  VI  shows  the  values  of  L,  D,  and  M,  the  pitching  moment  about  a  moment 

center  .55  of  the  mean  aerodynamic  chord.  These  values  were  computed  from  average 

velocity  vectors  and  density  at  the  wing  and  tail  areas  as  shown  above  on  Figure  8, 

for  revetment  Model  II,  at  0°  Yaw,  The  coefficients  of  Reference  9  were  used  with 

2 

values  of  dynemic  pressure  acting  upon  the  control  area,  S,  of  385  ft  and  for  a 
mean  aerodynamic  chord,  C,  of  ll.ii85  ft.  The  forces  and  pitching  moments  were 
defined  by  the  following  three  eqmtions: 

L  =  Cj.  (1/2  p  u^)  S  ,  ■  (3) 

D  =  Cjj  (1/2  p  u^)  S  ,  (h) 

and  ^  P  S  6  where  (5) 

C-,  and  C,,  are  the  coefficients  for  lift,  drag,  and  pitching,  p  is  the 
L  D  M 

density  aind  u  is  the  magnitude  of  the  flow  velocity  vector  at  the  given  point. 

D  is  defined  to  be  parallel  to  the  direction  of  u  and  L  is  defined  to  be  per¬ 
pendicular  to  the  direction  of  u. 


TABIE  VI.  VALUES  OP  LIFT,  riRAG,(  AMD  PITCHING  MOMENT 
MODEL  II,  YAW  ANGIE  0 


-■ _ WING  PARAMETERS  _ 

Tjinsec  a, deg  C_  L,lb  D,lb  M,ft-lb  Remarke 


-10.2  138 

-  5.3  206 

-  4.2  174 

-  3.9  179 

-  4.2  198 

-  2.6  171 

-  1.2  178 

-  1.5  168 

-  3.3  149 

-  0.2  101 

0  97 

-  2.6  74 


-.513 

-.224 

-.179 
-..154 
-.179 
-.100 
-.036 
-.049 
-.140 
+  .002 
+.015 
-.098 


-27,142 

-17,765 

-11,974 

-10,613 

-13,668 

-  6,584 

-  2,467 

-  3,169 

-  7,733 

+  78 

+  560 

-  281 


-28,195 

-l8,i»23 

-12,460 

-11,048 

-14,223 

-  6,914 

-  2,690 

-  3,413 

-  7,868 
+  154 
+  636 

-  437 


.150  7,931 
.082  6,503 
.080  5,352 
.073  5,031 
.080  6,122 
.069  4,546 
.064  4,386 

.067  4,512 
.071  4,073 
.063  2,450 
.067  2,502 
.072  2,041 


-2,111 

4,266 

4,075 

3,977 

4,664 

4,025 

4,249 

4,120 

3,799 

2,449 

2,502 

2,013 


.0815 

.0615 

.0590 

.0595 

.0390 

.0575 

.0585 

.0560 

.0565 

.0555 

.0555 

.0575 


49,550 

56,019 

44,703 

47,076 

51,690 

43,479 

46,043 

41,564 

37,227 

24,788 

23,807 

18,880 


Specifications 

fS"F40^b; 

Weij^bt  46,0001b 
Length  64 ‘  3" 
Hei^t  19 1  8" 
Wing  Span 
54»11" 

Wing  Arean 

385  ft'^ 
C=U.485  ft 
0!=1.8®  for 
parked  position 


_ HORIZONTAL  TAIL  PARAMETERS _ 

29  Shock  has  not 

38  arrived  at  tall 

48  -3.0  145  -.026-1.448  -1,451  .002311  36  +.0407  +26,044  position. 

57  -4.4  210  -.034  -2,749  -2,760  .002  243  30  +.0597  +55,435 

66  -3.0  189  -.026  -1,890  -1,890  .002  146  48  +.0407  +34,003 

75  -3.5  171  -*025  "1,646  -1,651  .002  132  37  +.0447  +33,800 

84  -0.1  218  -.008  -  671  -  671  .000  0  0  +.0014  +  1,362 

94  +2.6  205  +.019  +1,497  +1,503  .002  137  90  -.0555  -31,969 

105  -1.7  113  -.013  -  566  -  566  .001  44  27  +.0231  +11,541 

112  -0.3  105  -.002  -  81  -  81  .000  0  0  +.0041  +  1,906 

121  +1.2  96  +.009+  333  +  334  .001  37  30  -.0163-6,919 

149  -3.0  86  -.026  -  864  -  865  .002  67  22  +.0407  +13,520 
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It  Is  seen  from  Table  VI  that  the  vertical  lift  force,  L  ,  Is  primarily 
negative  (down).  For  the  time  it  is.  positive  it  does  not  exceed  the  46,000- 
pound  gross  weight  of  the  aircraft.  The  aircraft  should,  therefore,  not  lift 
from  the  ground. 

If  a  coefficient  of  static  friction  is  assumed,  for  example,  .25  for  rubber 
on  concrete  with  locked  wheels,  then  it  is  seen  that  the  horizontal  drag  force, 

D^,  is  not  great  enoiigh  to  eq,ual  one-quarter  the  weight  of  the  airplane.  No 
translation  along  the  ground  shotild  occur.  Since  the  aircraft  does  not  leave 
the  ground,  no  attempt  will  be  made  to  Interpret  the  pitching  moments.  Figures 
9-11  show  plots  of  vertical  lift,  horizontal  drag,  and  pitching  moment  as 
functions  of  time  for  a  yaw  angle  of  0°  (shock. wave  approaching  head-on).  The 
steady  free  stream  values  for  an  unshielded  aircraft  are  shown  for  comparison. 

The  same  procedure  would  be  followed  for  angles  other  than  0°  yaw. 

A  more  elaborate  application  of  the  flow  diagrams  may  be  made  by  calculating 
the  aerodynamic  loading  on  several  components  of  the  aircraft  for  all  the  different 
flow  vectors.  The  problem  could  then  be  coded  for  a  machine  solution. 

For  input  data  of  aerodynamic  loading  and  stress  analysis,  vulnerability  and 
damage  predictions  could  then  be  obtained  for  aircraft  in  revetments-. 
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VERTICAL  LIFT,  LB 


FIG.  9  LIFT  AS  A  FUNCTION  OF  TIME  YAW  Ot 
SLOPING  REVETMENT 
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FIG.  li  PITCHING  MOMENT  A8  A  FUNCTION  OF  TIME  YAW  0^ 

SLOPING  REVETMENT 
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5.  DISCISSION  AND  CONCLUSIONS 

5.1  Discussion 

The  phenomena  contributing  to  the  flow  patterns  inside  the  model  revetment.  . 
were  found  to  be  the  following:  (l)  diffraction  of  the  input  wave  with  vortex 
growth  at  the  upstream  part  of  the  revetment,  (2)  reflection  from  the  floor  of 
the  model  after  diffraction,  (3)  Mach  stem  growth  of  the  shook  wave  after  reflec¬ 
tion,  with  travel  across  the  floor  of  the  model,  (4)  reflection  of  the  Mach  stem 
from  the  downstream  portion  of  the  model  and  the  upstream  travel  of  this  reflec-' 
tion,  and  (5)  an  interaction  of  the  reflection  with  the  upstream  vortex  and  the 
expansion  of  the  reflection  out  of  the  model. 

The  vortex  formation  and  steep  flow  angle  were  res\ilts  of  the  shape  of  the 
upstream  portion  of  the  model.  The  straight  inside  edge  caused  the  flow  to  be 
directed  downward  at  a  steep  angle  into  the  revetment.  At  about  an  inch  from  the 
model,,  the  flow  rotated  upstream  in  the  direction  toward  the  model.  In  comparison, 
the  45°  inside  slope  caused  a  downward  flow  at  an  angle  of  8°  at  200  ^sec.  The 
angle  changed  to  6°  for  5h8  nsec.  A  less  steep  inside  model  slope  would  presum¬ 
ably  cause  still  smaller  angles  of  flow.  A  more  nearly  horizontal  flow  might  be 
obtained  in  this  way  if  desired. 

The  influence  of  the  upward  slope  of  the  downstream  portion  of  the  revetment 
was  seen  for  a  distance  of  about  one  model  height  upstream,  as  seen  by  the  upward 
direction  of  the  flow.  This  was  not  true  for  the  straight  edge  of  Model  III.  A 
downward  trend  lasted  throughout  the  entire  observation  period. 

A  flow  magnitude  greater  than  the  free- stream  value  occurred  at  a  time 
between  315  -  330  jaseo,  for  the  Models  I,  II,  and  III.  As  was  siggested  in  Ref¬ 
erence  7,  this  was  probably  cttused  by  the  Mach  reflection  of  the  shock  wave  from 
the  floor  of  the  model.  The  flow  dii’ections  were  different  as  described  above. 

The  changes  in  dimensions  for  Models  I  and  II  apparently  were  too  small  to 
cause  a  noticeable  change  in  the  flow  patterns.  The  change  in  spacing  between 
the  two  halves  of  the  revetment  did  determine  the  arrival  time  of  the  return  of 
the  downstream  reflection  at  the  observation  position;  this  determined  how  soon 
the  flow  speed  decreased. 
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In  general,  the  slope  for  the  upstream  portion  of  the  revetment  influenced 
the  initial  flow  very  strongly  in  both  the  direction  and  meignltude,  had  a  slight 
effect  .upon  the  direction  for  intermediate  times,  hut  had  little  effect  upon  max¬ 
imum  speed,  and  in  later  times  after  the  reflection  had  passed  the  observation 
position,  affected  only  the  direction  of  flow  if  the  position  were  a  distance 
within  one  model  height  away  from  the  downstream  sloping  model. 

Since  the  slope  of  the  exterior  wall  of  the  model  appeared  not  to  Inflvienoe 
the  flow  inside  the  model,  a  vertical  outside  wall  should  be  used  to  offer  pro¬ 
tection  against  flying  debris.  A  sloping  outside  wall  may  well  deflect  debris 
into  the  interior  of  the  revetment  to  cause  damage  to  the  parked  aircraft. 

^,2  Conclusions 

The  inner  wall  should  be  designed  with  a  slope  which  will  direct  the  flow  in 
an  optimum  direction  for  the  particular  aircraft  to  be  protected.  From  this 
standpoint,  the  design  of  an  optimum  revetment  must  fit  the  lift  and  drag  char¬ 
acteristics  of  the  aircraft  to  be  shielded. 

Because  of  the  strong  vortex  action  at  the  upstream  part  of  the  revetment 
and  also,  the  upward  direction  of  flow  for  the  downstream  part  of  the  model,  the 
aircraft  should  probably  be  parked  some  distance  away  from  the  surrounding  walls, 
a  distance  of  one  to  two  revetment  heights,  so  that  the  effects  of  the  vortex  and 
the  upward  flow  are  a  minimum  at  the  aircraft  position. 
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APPENDH  A 

TABLES  FOR  COMPARISON  OF  FLCW 


TABLE  A- 1.  COMPARISON  OF  FLOW  VECTORS  -  MOEEL  I 


Time, 

txsec 

Position, 

X 

in. 

y 

Flow  Speed 
ft/sec 

L,  Angle, 
deg 

Density 

Ratio, 

Remarks 

p/pl 

200 

2.20 

.34 

314 

-8.4 

1.27 

Model. I 

2.27 

.66 

343 

-5.6 

1.26 

Shock 

2.39 

.37 

325 

-6.2 

Wave  ^  1 

r\^-» 

240 

2.40 

.35 

348 

-5.8 

2.60 

2.70 

.66 

.68 

358 

402 

-5.9 

-5.3 

1»—  4.0  lu|>  I*i-. 

Free  Stream  Shock  Para-' 

316 

2.75 

.34 

353 

“7.9 

1.28 

P.=  8.3  psi  meters 

2.73 

*65 

354 

-7.8 

1.29 

lu*  375  ft/sec 

3.00 

.35 

380 

-4.7 

u  =  1379  ft/see 

3.00 

2.85 

.67 

405.' 

358 

-8.1 

0.,=  .00251  slugs/ft^ 
p„=  .00316  slugs /fv 

355 

.32 

-3.7 

1.30 

3.05 

.64 

372 

-7.8 

Mach  reflection  is  about 

3.16 

.34 

313 

-4.2 

3/4  the  height  of  the 

3.17 

.65 

383 

-7.7 

model . 

3.65 

.75 

356 

-5.9 

432 

3.21 

.33 

342 

-7.7 

Reflection  starts  from 

3.43 

.54 

326 

-5.0 

downstream  model. 

3.43 

.67 

357 

-4.6 

3.78 

.65 

362 

-1.2 

348 

3.67 

.32 

330 

-4.0 

4.00 

.34 

281 

-2.5 

4.00 

.66 

505 

-6.4 

4.28 

.63 

335 

-4.1 

625 

3.96 

.32 

261 

0.0 

Reflection  has  passed 

4.15 

.34 

2^ 

0.0 

smoke  position. 

• 

4.20 

.66 

271 

+2.5 

4.59 

.64 

199 

-7.2 

702 

4.10 

.32 

205 

-9.8 

4.40 

.33 

164 

-8.4 

4.40 

.66 

196 

-5.6 

4.69 

.65 

211 

+1.1 

856 

4.65 

.33 

297 

0.0 

Vortex  interaction 

4.90 

.37 

303 

+1.1 

with  reflection. 

5-17 

.65 

295 

-9.4 
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TABLE  A-I.  (COWTINUED)  COMPAItlSON  OF  FLOW  VECTORS  -  MODEL  I 


Time,  Position,  in. 

|isec  X  y 


slow  Speed"  Angle,  Density 

ft/sec  deg  Ratio,  Remarks 

p/pl 


932 

3.21 

.17 

279 

-9.5 

5.75 

.41 

248 

-16.2 

4.60 

.31- 

244 

-10.8 

1088  , 

3.70 

.24 

184 

-6.8 

Reflection  is  out  of 

4.25 

.35 

201 

-14.4 

model . 

5.05 

.58 

185 

-14.7 
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TABLE  A- II.  C0MPAH330N  OF  FLOW  VECTORS  -  MODEL  II 


Time, 

nsec 


121 


160 


198 


237 


Position^  In. 

Plow  Speed, 

Angle, 

Density 

X  y 

ft/sec 

deg 

Ratio, 

Remarks 

p/Pl 


.90 

.31 

307 

-  7.1 

Shock  Model  II 

.92 

.55 

.319 

-11.3 

-14.2 

-  8.6 

10  1 

.  Wave  - 

.9^ 

1.10 

1.11 

1.13 

.79 

.33 

.56 

.84 

328 

302 

1.23 

1  oi 

r\  7- 

uo 

puo 

318 

-14.9 

1.21 

!•—  Hi  i.ai 

Free  Stream  Shock 

j: 

1.06 

1.08 

1.12 

1.26 

1.29 

1.30 

.30 

.55 

.77 

.32 

.55 

.80 

313 

336 

333 

334 

345 

352 

-  5.6 

-  7.9 

-  3.8 

-  1.7 

-  6.2 
-12.1 

1.33 

1.31 

1.33 

Parameters 

Pp  =8.3  PBi 

Up  =  375  ft/sec 

IT  =  1380  ft/sec  , 

p.  *  .00231  alugs/ft^ 
pi  =  .00316  slugs/ft^ 
mch  reflection  from 

1.19 

.28 

291 

-  6.9 

shock  wave. 

1.23 

.51 

341 

-  3.3 

1.26 

.76 

304 

-  9.0 

l.Ul 

.32 

319 

-  4,4 

1.37 

1.43 

.53 

304 

-  3.4 

1.43 

1.44 

.77 

321 

-  7.0 

1.59 

2.36 

.38 

334 

-  3.8 

1.31 

2.35 

.60 

330 

-  6.7 

1.38 

2.36 

.83 

301 

-  7.3 

1.31 

2,54 

.38 

287 

-  3.1 

1.32 

2.54 

.62 

276 

-  7.1 

1.38 

2.55 

.86 

362 

-  6.2 

1.31 

1.33 

.27 

529 

-  3.3 

Mach  stem  Is  near 

1.36 

.30 

318 

-  7.0 

middle  smoke  stream. 

1.40 

.75 

363 

-  7.9 

1.56 

.30 

339 

-  2.6 

1.43 

1.57 

.32 

324 

-  4.4 

1.31 

1.60 

.76 

348 

-  3.6 

1.42 

2.33 

.36 

541 

-  5.1 

1.43 

2.53 

.59 

331 

-  3.8 

1.48 

2.51 

.84 

341 

-  3.0 

1.34 

2.72 

•57 

565 

-  3.6 

1.47 

2.72 

.60 

333 

-  4.7 

1.48 

2.72 

.83 

341 

-  3.9 

1.34 
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TABLE  A- II.  (CONTINUED)  COMPARISON  OP  FLOW  VECTORS  -  MODEL  II 


Time,  Position,  in.  Plow  Speed,  Angle,  Density 

nsec  X  y  ft/sec  deg  Ratio,  Remarks 

p/Pl 


275 


31k 


352 


l.ks 

.27 

305 

-  2.0 

1.52 

.47 

305 

-  6.2 

1.56 

.71 

318 

-  8.1 

1.72 

.30 

315 

-  4.4 

1.35 

Mach  stem  arrived 

1.73 

.51 

335 

-  5.2 

1.55 

at  downstream  model. 

1.76 

.74 

314 

-  3.5 

1.23 

Meujh  stem  is  higher 

2.67 

.35 

306 

-  3.2 

1.4l 

than  smoke  grid. 

2.68 

.58 

323 

-  3.1 

1.44 

2.68 

.83 

365 

-  3.1 

1.43 

3.45 

.38 

350 

-  3.6 

1.18 

3.J^5 

.62 

351 

-  3.9 

1.21 

3.45 

.88 

355 

-  5.4 

1.24 

3.64 

.39 

319 

-  2.7 

1.18 

3.64 

.63 

351 

-  3.5 

1.21 

3.63 

.88 

343 

-  3.3 

1.24 

1.61 

.26 

309 

-  3.6 

1.64 

.47 

308 

-  2.9 

1.69 

.69 

320 

-  8.9 

1.85 

.28 

313 

-  6.9 

1.45 

Mhch  stem  reflects 

1.87 

.49 

324 

-  5.8 

1.48 

from  downstream  model. 

1.89 

.75 

322 

+  1.1 

1.35 

Reflection  travels 

2.82 

.34 

325 

-  3.2 

1.58 

hack  upstream. 

2.83 

.57 

325 

..  5.4 

1.49 

2.85 

.82 

337 

-  4.5 

1,32 

3.04 

.34 

328 

-  3.4 

1.38 

3.04 

.58 

318 

-  3.6 

1.49 

3.02 

.82 

342 

4.6 

1.32 

3.61 

.38 

347 

+  0.9 

1.33 

3.61 

.61 

357 

+  0.7 

1.24 

3.62 

.85 

385 

-  2.5 

1.20 

3.80 

.38 

356 

+  0.3 

1.33 

1.78 

.25 

321 

-  1.9 

1.80 

.46 

531 

-  3.7 

1.83 

.67 

338 

-  6.9 

2.01 

.27 

340 

-  2.2 

1.35 

Reflection  continues 

2.03 

.48 

329 

-  3.0 

1.4l 

upstream. 

2.06 

.74 

355 

-  9.5 

1.27 

2.98 

.34 

359 

-  1.5 

1.54 

2.98 

.55 

370 

-  1.2 

1.34 

2.99 

.81 

336 

-  3.6 

1.38 

3.18 

.34 

3kO 

+  1.2 

1.54 

3.17 

.57 

342 

-  1.9 

1.34 

6k 


I  •  table  A-II.  (continued)  comparison  of  flow  vectors  -  MODEL  II 


Time, 

lasee 

Positlpn 

X 

,  in. 

y 

Flow, Speed 
ft/sec 

L,  Angle, 
deg 

Density 

Ratio, 

p/pl 

Remarks 

1 

5.18 

.82 

374 

-  2.4 

1.38 

i 

1 

3.78 

.39 

283 

+  5.7 

1.50 

i 

3.78 

.61 

307 

+  7.1 

3.81 

.86 

515 

+  6,6 

3.95 

.39 

268 

+10.4 

1.50 

i 

3.94 

.63 

302 

+11.5 

i 

3.95 

.89 

322 

+  6.9  ■ 

i 

1 

1 

391 

1.91 

.25 

286 

-  1.6 

1.94 

.45 

305 

-  4.6 

2.00 

.65 

317 

-  6.5 

2.16 

.26 

300 

+  2.0 

1.41 

Reflection 

2.18 

.48 

316 

-  1.9 

1.44 

continues . 

2.21 

.69 

320 

-10.2 

1.44 

3.15 

.33 

327 

+  1.3 

1.69 

3.17 

.56 

333 

+  2.9 

1.68 

3.16 

.80 

332 

-  0.2 

1.48 

3.36 

.35 

300 

+  2.7 

1.69 

3.36 

.57 

327 

+  2,9 

1.66 

3.37 

.81 

322 

+  3.1 

1.48 

3.88 

.41 

207 

+  9.1 

1.39 

3.90 

.65 

227 

+15.7 

1.44 

4.06 

.43 

222 

+19.9 

1.39 

1*29 

2.04 

.24 

302 

-  3.3 

2.08 

.43 

298 

-  6.5. 

2.14 

.63 

318 

-  2.9 

2.28 

.28 

285 

-  0.5 

1.40 

2.32 

.47 

298 

-  3.9 

1.45 

- 

2.35 

.69 

307 

-  3.3 

1.56 

2.89 

.28 

230 

-  1.7 

1.57 

3.28 

.34 

242 

+  5.8 

1.65 

Reflection 

3.29 

.57 

245 

+  5.5 

1.39 

continues. 

3.30 

.81 

285 

+  7.7 

1.61 

3.46 

.36 

2l4 

+  5.2 

1.65 

3.47 

.58 

232 

+  7.7 

1.59 

3.48 

.83 

246 

+12.2 

1.61 

3.97 

.42 

176 

+15.8 

3.99 

.67 

217 

+19.3 

1.43 

4.02 

.94 

258 

424.9 

1.43 

4.15 

.46 

195 

427.7 

4.19 

.71 

227 

423.5 

1.43 

4.22 

.98 

272 

429.9 

1.43 
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TABLE  A- II.  (COKTIMUED)  COMPARISON  OF  PLOW  VECTORS  -  MODEL  II  . 


TJjne, 

nsec 

Position 

X 

,  In. 

y 

Plow  Speed,  Angle 
ft/sec  deg 

,  Density 
Ratio> 
p/p^ 

Remarks 

468 

2.19 

.22 

250 

-  4.5 

'  2.21 

.41 

246 

-  2.0 

1.45 

2.29 

.64 

263 

-  4.7 

2.42 

.26 

246 

-  1.4 

1.45 

Reflection  ha 

2.45 

.46 

259 

-  0.3 

1.59 

passed  smoke 

2.50 

.67 

253 

-  4.3 

1.44 

position. 

3.38 

.36 

202 

+  2.5 

1.60 

3.40 

.58 

255 

+  7.2 

1.62 

3.42 

.83 

247 

+10,5 

1.47 

3.55 

.37 

188 

+  3.4 

1.60 

3.57 

.60 

214 

+  9.0 

1.60 

3.59 

.86 

251 

+13.1 

1.47 

4.04 

.45 

198 

+22.7 

1.28 

4.09 

.72 

249 

+23.9 

1.26 

4.22 

.51 

191 

426.6 

1.28 

4.28 

.77 

259 

427.1 

1.26 

506 

2.27 

,22 

220 

-  1.2 

Reflection 

2.30 

.42 

236 

-  1.8 

1.50 

continues 

2.38 

.61 

224 

-  8.3 

upstream. 

2.51 

.27 

233 

+  1.2 

1.53 

2.54 

,47  '' 

223 

+  0,8 

1.58 

2.58 

.67 

220 

-  3.8 

1.45 

3.47 

.35 

219 

-  0.1 

1.63 

3.49 

.60 

221 

+  5.4 

1.36 

3.53 

.85 

203 

+10.1 

1.67 

545 

2.39 

.22 

194 

-  1.8 

2.43 

.41 

200 

-  4.3 

2.50 

.61 

207 

-  2.7 

2.64 

.27  . 

217 

-  4.4 

1,49 

2 .66 

.46 

216 

-  5.9 

1.59 

2,70 

.65 

218 

-  0.9 

1.47 

3.58 

.35 

220 

+  2.6 

1.54 

3.60 

,60 

229 

+  6.9 

1.55 

3.62 

.87 

263 

+10.4 

1.41 

583 

2.45 

.22 

160 

-  2.5 

1.42 

2.51 

.40 

175 

-  3.0 

2.58 

.60 

176 

-  3.9 

2.71 

.26 

164 

-  1.8 

1.42 

2.74 

.45 

184 

-  3.2 

1.55 

2.79 

.67 

200 

-  3.0 

1.45 
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TABLE  A- II.  (CONTINUED)  COMPARISON  OP  PLOW  VECTORS  -  MODEL  - II 


Time, 

lisec 


622 


660 


757 


Position,  in.  Plow  Speed,  Angle,  Density 

X  y  ft/ sec  deg  Ratio,  Remarks 

p/Pl 


3.6? 

.36 

208 

+15.3 

3.72 

.62 

230 

+16.5 

1.38 

Reflection 

3.77 

.90 

267 

+13.6 

1,42 

begins  to 

3.86 

.42 

205 

+12.2 

interact  with 

3.90 

.65 

231 

+16.9 

1.38 

vortex  from 

3.99 

.94 

269 

+18.0 

1.42 

upstream  model. 
Plow  speed  be- 

2.5k 

,21 

211 

-  3.1 

comes  less  at 

2.60 

.40 

207 

-  4.4 

1.50 

this  time. 

2.66 

.59 

221 

-  7.2 

2.79 

,26 

230 

-  1.8 

1.49 

Reflection  is 

2.83 

.45 

226 

0.0 

l.4i 

caught  in  the 

2.88 

.64 

226 

-  8.1 

1.42 

vortex. 

3.77 

.41 

216 

+13.1 

1.59 

3.81 

.66 

270 

+14.5 

1.33 

3.95 

.44 

240 

+14.3 

1.59 

4.01 

.71 

278 

+17.9 

1.33 

2.64 

.21 

254 

-  3.4 

2.70 

.39 

247 

-  2.7 

2.78 

.58 

249 

-  1.3 

2.92 

.25 

254 

-  3.3 

1.47 

2.95 

.45 

254 

-  3.5 

1.38 

3.00 

.64 

251 

-  3.3 

1.38 

3.87 

.41 

234 

+  7.0 

3.97 

.69 

274 

+11.8 

1.34 

3.99 

.95 

282 

+11.7 

4.07 

..47 

238 

+16.9 

4.15 

.73 

290 

+18.5 

1.54 

4.20 

1.05 

345 

+16.6 

2.77 

.20 

244 

-  0.7 

2.82 

.39 

263 

-  1.6 

2.89 

.58 

265 

-  2.0 

3.02 

.25 

239 

-  3.2 

1.49 

3.06 

.44 

277 

-  2.1 

1.51 

3.11 

.63 

290 

-  0.3 

1.39 

2.87 

.21 

234 

-  0.7 

2.94 

.38 

275 

-  4.8 

3.02 

.57 

297 

-  3.9 

3.14 

.24 

264 

-  3.1 
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TABLE  A-IT.  (CONTINUED)  COMPARISON  OP  PLCW  VECTORS  -  MODEL  II 


Time, 

lasec 

Position, 

X 

in. 

y 

Plov;  Speed,  Angle , 
ft/sec  deg 

Density 

Ratio, 

P/Pl 

Remarks 

3.20 

.44 

274 

-  2.3 

3.26 

.64 

312 

-  3.7 

776 

3.01 

.20 

281 

-  3.1 

3.08 

.37 

276 

-  1.7 

3.16 

.57 

292 

+  1.6 

3.27 

.24 

274 

+  1.6 

1.38 

Reflection  is  out 

3.31 

.43 

254 

-  0.4 

1.51 

of  view. 

3.40 

.60 

269 

+  0.4 

1.42 

8li+ 

3.13 

.20 

237 

-  2.8 

3.20 

.37 

234 

-  0.3 

3.29 

.58 

252 

-  3.6 

3.40 

.24 

259 

-  0.1 

1.47 

3.44 

.44 

24-2 

+  3.1 

1.47 

3.31 

.64 

267 

+15.9 

1,40 

853 

3.22 

.19 

194 

-  1.7 

3.29 

.37 

200 

-  0.9 

3.40 

.55 

223 

+  2,1 

3.51 

.24 

200 

-  2.8 

1.45 

3.54 

.44 

203 

+  0.9 

1.39 

3. '■>4 

.  (')U 

236 

+13.4 

1.31 

O91 

3.31 

.19 

272 

+  0.4 

Flow  now  has 

3.38 

.37 

201 

4  4.0 

a  positive 

3.50 

.58 

21.9 

48,3 

direction  for  this 

3.58 

.24. 

173 

410.4 

position. 

3.63 

.44 

234 

4  0.4 

Vortex  appears  to 

3.72 

.69 

231 

412.4 

he  breaking  up, 

lees  defined. 

950 

3.42 

.19 

210 

4  0,2 

3.47 

.38 

221 

4  4.7 

3.59 

.58 

223 

4  8,2 

3.66 

.27 

204 

4  9,4 

3.74 

.47 

234 

412.1 

3.84 

.71 

234 

4  3.5 

96S 

3.30 

.19 

175 

4  7.7 

3.58 

.39 

214 

4  3.0 

3.77 

.27 

215 

410.1 
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SUABLE  A- III.  COMPARISON  OF  FLOW  VECTORS  -  MODEL  III 


Time, 

pisec 

Position, 

X 

in. 

y 

Flow  Speed,  Angle , 
ft/ sec  deg 

160 

2.40 

.78 

29 

-52 

2.40 

1.10 

118 

-42 

183 

2.60 

.34 

52 

-62 

2.60 

1.10 

71 

-70 

205 

.  3.00 

.90 

27 

-63 

3.00 

1.12 

44 

-36 

222 

2.45 

.32 

448 

-  1 

2.50 

.75 

320 

-18 

2.50 

.95 

359 

-24 

3.10 

1.10 

350 

-21 

2kl+ 

2.60 

.32 

48 

-11 

2.60 

.75 

117 

-36 

2.60 

.95 

187 

-51 

267 

2.50 

.95 

395 

-24 

3.05 

.35 

287 

-  7 

3.05 

.77 

310 

-  6 

5.08 

1.10 

350 

-21 

284 

2.95 

.32 

327 

-  6 

5.00 

.70 

371 

-l4  • 

3.00 

.90 

378 

-16 

3.55 

.75 

329 

-13 

307 

2.90 

.35 

548 

-10 

2.90 

.75 

375 

-13 

2.90 

.95 

386 

-17 

329 

3.30 

.34 

389 

-  5 

3.40 

.77 

371 

-  9 

3.50 

1.10 

403 

-19 

346 

2.95 

.32 

327 

-  6 

3.00 

.70 

371 

-l4 

3.00 

.90 

378 

-16 

3.55 

.75 

329 

-13 

369 

3.25 

.30 

345 

-  6 

3.00 

.90 

378 

-16 

3.55 

.75 

329 

-13 

Remarks 


Shock  Model  III 
Wave 


‘  a®  "  !»♦  |*L 

Data  taken  from 
Teel;  Ref.  7. 


Free  Stream  Shock 
Parameters 

Pp  =  8.0  psi 

Up  =  565  ft/ sec 
IT  =  1375  ft/sec  , 

p-  “  .00231  slugs/ft, 

Pp  =>  .0031^  slugs/ft^ 


H2  - 

Notes 


Density 
measurements 
not  available. 
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'SmM  A-II.  (COin!INUE&)  OmBiAJBm  op  FLOtf  VECTORS  •>  MOPBL  TL. 


Time, 

^Bec 

Position 

X 

,  In. 

y 

Flow  Speedy  Angle  j 
ft/sec  deg 

Density 

fiatlOf 

P/Pl 

Remetfka 

1007 

3.58 

.21 

236 

+  7.0 

3.67 

.39 

218 

+  4.6 

’  3.81  • 

.62 

236 

+  4.3 

■j  1 

3.86 

.30 

231 

+10.9 

3.95  , 

.51 

24l 

+12.4 

• 

3.82 

.62 

297 

+18.5 

1046 

3.79 

.40 

249 

+  7.0 

Vortex  is 

broken  up. 

1064 

3.82 

.20 

173 

+  1.3 

3.90 

.42 

233 

+13.3 

Vortex  has  Idst 

4.06 

.63 

249 

+13.1 

distinction. 

4.07 

.33 

211 

+16.1 

4.15 

.54 

260 

421.6 

4.31 

.79 

218 

+  4.0 

1122 

3.88 

.22 

152 

-  8,9 

4.00 

.45 

in 

•  0.6 

4.23 

.73 

161 

+11.9 

Flow  becomes 

erratic. 

1161 

3.93 

.22 

173 

+12.0 

4.00 

.42 

126 

-  2.3 

4.22 

•37 

119 

+  6.1 

4.54 

.63 

124 

+11.9 
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TABLE  A- III.  (continued)  COMPARISON  OP  PLOW  VECTORS  -  MODEL  III 


Time, 

(isec 

Position, 

X 

in. 

y 

Flow  Speed,  Angle 
ft/sec  deg 

591 

3.35 

.32 

299 

-  7 

3.55 

.75 

329 

-13 

408 

3.10 

.33 

307 

-  7 

3.25 

.70 

303 

-15 

431 

3.40 

.30 

379 

-  9 

3.40 

.72 

392 

-10 

3.30 

.90 

388 

-20 

453 

3.82 

.75 

360 

-10 

470 

3.42 

.30 

319 

-  9 

3.50 

.70 

356 

-12 

3.50 

.90 

364 

-17 

493 

3.50 

.30 

292 

-10 

3.55 

.70 

354 

-  6 

3.60 

.90 

407 

-16 

515 

4.05 

.32 

353 

-  6 

3.50 

.70 

336 

-12 

532 

3.56 

.30 

404 

-  5 

3.57 

.55 

397 

-IT 

3.60 

.73 

359 

-19 

554 

3.90 

.30 

284 

-  3 

3.92 

.60 

316 

-12 

3.70 

.75 

330 

-21 

594 

3.90 

.30 

78 

-24 

3.90 

.55 

143 

-10 

3.70 

.75 

169 

-  8 

617 

4.00 

.30 

263 

-  7 

4.02 

.62 

260 

-  3 

Remarks 
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TABLE  A-rv.  COMPARISOM  OF  FLOW  VECTORS  -  MODEL  V 


Time, 

Position , 

in. 

Flow  Speed,  Angle , 

Density,  , 

|isec 

X 

y 

ft/sec 

deg 

slugs/ft 

Ih/ft 

72 

.710 

.412 

158.2 

-55.1 

.00246 

30.8 

.756 

.634 

230.5 

-53.5 

.00247 

65.6 

.761 

.858 

286.5 

-44.4 

.00258 

103.9 

.994 

.671 

195.5 

-34.4 

.00247 

47.1 

1.014 

.911 

119.6 

-28.7 

.00258 

18.4 

no 

.751 

.382 

176.6 

-41.7 

.00262 

40.9 

.767 

.591 

236.0 

-52.9 

.00258 

71.7 

.808 

.812 

296.4 

-48.1 

.00262 

114.9 

1.031 

.646 

218.8 

-48.3 

.00258 

61.6 

1.062 

.884 

250.9 

-44.4 

.00262 

32.4 

Remarks 


Free  Stream  Shock 
Parameters 
Pp«6.6  psi 
uf=585  ft/sec 
#1592  ft/see 
p, =.00231 
slugs/ft^ 

p«=. 00319  , 

BlUgs/ft^ 

=  14.7  psi 


Model  V 


Shock  Wave 


T 

i.is 

J- 


- -  4w25 


4.  If; 


(Table  A-IV  continued  on  next  page) 
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TABLE  A-rV.  (CONTINUED)  COMPABTSON  OF  FLCW  VECTORS  -  MODEL  V 


Time, 

^sec 

Position,  In. 

X  y 

Plow  Speed.,Angle, 
ft/ sec  deg 

Density;; 

slugs/ff 

5  !  2 

Ib/ft  Remarks 

IW 

.787 

.146 

143.5 

-40.2 

.00322 

33.1 

.798 

.322 

181.0 

-46.9 

.00320 

52.4 

.834 

.503 

233.4 

-44.3 

.00292 

79.6 

.902 

.707 

297.9 

-53.3 

.00283 

125.6  Shock 

1.042 

.154 

163.7 

-18. i 

.00322 

43.2  wave 

1.069 

.360 

207.8 

-34.2 

.00320 

69.1  is 

1.103 

.562 

245.6 

-39.2 

.00292 

88.1  about 

■  1.148 

.799 

306.1 

-42.7 

.00283 

132.5  midway 

1.751 

.199 

138.3 

-15.0 

.00264 

25.3  across 

1.751 

.450 

193.6 

-33.2 

.00256 

47.9  model. 

1.763 

.675 

221.0 

-38.2 

.00277 

67.5 

1.787 

.908 

244.4 

-31.4 

.00283 

84.2  . 

1.977 

.210 

102.4 

-24.0 

.00204 

13.8 

1.988 

.479 

146.1 

-38.1 

.00256 

27.3 

2.004 

.698 

154.5 

-32.2 

.00277 

33.0 

187 

.834 

,107 

131.0 

-10.6 

,00372 

32.0 

.850 

.266 

159.4 

-21.3 

.00324 

41.2 

.908 

.430 

201.6 

-55.1 

.00296 

60.1 

.982 

.600 

263.5 

-24.4 

.00316 

109.7 

1.125 

.127 

185.4 

-11.3 

.00372 

64.0 

1.154 

.302 

219.2 

-  8.4 

.00324 

77.8 

1.194 

.490 

250.6 

-18.2 

.00296 

92.9 

1.266 

.691 

307.7 

-19.8 

.00316 

149.5 

1.317 

.172 

212.4 

-  7.5 

.00335 

75.6 

1.342 

.378 

239.9 

-20,2 

.00299 

86.0 

1.370 

.383 

264.8 

-26.2 

.00303 

106.3 

1.399 

.821 

301.6 

-35.5 

.00266 

121.1 

1.549 

.185 

208.4 

-  6.6 

.00335 

72.7 

1.552 

.414 

235.0 

-  9.0 

.00299 

82.5 

1.5.04 

.642  • 

253.8 

-28.1 

.00303 

97.7 

1.607 

.887 

294.8 

-30.0 

.00266 

115.7 

1.832 

.172 

253.7 

+  1.6 

.00344 

110.7 

1.850 

.585 

257.1 

-  1.8 

■  .00316 

104.4 

1.865 

.595 

271.6 

-  9.5 

.00286 

105.7 

1.903 

.837 

283.0 

-19.5 

.00281 

112.4 

2.058 

.194 

244.3 

+  0.8 

.00344 

102.7 

2.080 

.407 

263.2 

-  0.8 

.00316 

109.3 

2.101 

.637 

267.8 

-11.2 

.00286 

102.7 

2.123 

.874 

276.2 

-24.8 

.00281 

107.1 
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lABLE  A- IV.  (CONTINUED)  COMPARISON  OF  PLOW  VECTORS  -  MODEL  V 


Tijne,  . 
jisec 

.Position,  In*' 

X  y 

Plow  Speed,  Angl% 
ft/ sec  deg 

Density...  a.  ... 

Blugs/ft^  ITj/ft^  ReaarRs 

225 

.892 

.096 

134.3 

-17.9 

.00390 

35.1 

.915 

.241 

146.9 

-46.1 

.00310 

33.5 

.975 

.383 

181.7 

-53.6 

.00305 

50.4 

1.081 

.555 

235.7 

-42.3 

.00298  . 

82.7 

1.206 

.110 

183.3 

-15.4 

.00590  ' 

65.4 

1.251  ■ 

.288 

210.5 

-31.0 

.00310 

68.8 

1.501^ 

.454 

242.4 

-28.3 

.00305 

89.6 

1.382 

.649 

262.3 

-29.3 

.00298 

102.4 

1.413 

.159 

244.4 

-  6.3 

.00305 

109.1 

1.431 

.346 

236.9 

-  9.1 

.00305 

85.5 

1.473 

.532 

255.8 

-17.9 

.00331 

108.2 

1.516 

.744 

298.0 

-20.1 

.00288 

128.1 

1.643 

.174 

236.7 

-  7.4 

.00365 

102.3 

1.666 

.396 

276.5 

-11.7 

.00305 

116.4 

1.703 

.584 

278.9 

-15.3 

.00331 

128.6 

1.735 

.812 

305.1 

-13.9 

.00288 

134.2 

1.960 

.175 

279.7 

-10.5 

.00344 

110.7 

1.968 

.382 

293.9 

.  -13.7 

.00316 

104.4 

1.984 

.575 

302.9 

-12.6 

.00286 

105.7 

2.020 

.796 

.202.0 

-14.4 

.00281 

112.4 

2.194 

.175 

297.6 

-  5.5 

.00344 

102.7 

2.205 

.405 

289.6 

-10.3 

.00316 

109.3 

2.230 

.611 

291.7 

-16.0 

.00286 

102.7 

2.241 

.819 

297.8 

-12.3 

.00281 

107,1 

2.301 

.212 

258.6 

0.0 

.00315 

105.3 

2.307 

.467 

242,4 

-  7.6 

.00276 

84.3 

2.321 

.671 

266.2 

-13.7 

.00276 

97,6 

2,332 

.910 

261.9 

-21.4 

.00259 

89,0 

2.  *522 

.235 

200.8 

-  3.9 

.00315 

63.3 

2.537 

.487 

214.6 

-  5.2 

.00287 

66.1 

2.546 

.698 

226.6 

-17,2 

.00276 

70.8 

2.551 

.934 

263.8 

-16.6 

.00259 

90.3 

263 

.95,3 

.076 

90.5 

-29.1 

.00459 

18.8 

.960 

.194 

102.9 

-10.6 

.00344 

18.2 

1.025 

.315 

154.5 

-30.7 

.00301 

35.9 

1.161 

.483 

196.2 

-66.6 

.00293 

56.3 

1.289 

.090 

164.0 

-  4.8 

.00459 

61.7 

1.333 

.239 

175.0 

-  9.5 

.00344 

52.6 

1.398 

.403 

217.3 

-18.1 

.00301 

71.1 

1.485 

.591 

264.1 

-24.0 

.00293 

102.1 

1.543 

.145 

224.4 

-13.4 

.00413 

104.1 

1.556 

.326 

245.8 

-14.3 

.00313 

94.5 

1.390 

.494 

257.8 

-12.5 

.00330 

109.8 

1.645 

.697 

282.5 

-16.6 

.00284 

113.4 

TABLE  A-IV.  (COMTINUED)  CCMPAMSON  Of  PLOW  VECTORS  -  MODEL  V 


Time,  PoBltion,  in.  Flow  Speed, Angle,  Density  ,  4>  2 

(xsec  X  y  ft/sec  deg  slugs/ft”^  It/ft  Remarlcs 


1.768 

.157 

259.5 

-  1.8 

.00413 

139.0 

1.806 

.567 

274.1 

-12.9 

.00313 

117.6 

1.835 

.548 

276.4 

-13.0 

.00330 

126.1 

1.867 

.780 

295.7 

-18.9 

.00284 

124.3 

2.087 

.152 

285.7 

+  3.1 

.00346 

141.2 

2.116 

.545 

297.8 

+  1.7 

.00333 

147.8 

2.138 

.541 

311.8 

-  6.4 

.00336 

163.1 

2.168 

.758 

312.4 

-  4.6 

.00324 

158.2 

2.331 

.163 

289.8 

+  1.6 

.00346 

145.2 

2.344 

.380 

299.7 

-  3.9 

.00333 

149.8 

2.362 

.575 

305.3 

-  5.1 

.00356 

156.4 

2.382 

.789 

317.7 

-  7.7 

.00324 

163.6 

2.444 

.212 

290.1 

-  6.5 

.00312 

131.2 

2.455 

.447 

294.6 

-10.0 

.00327 

141.9 

2.462 

.637 

310.4 

-  7.2 

.00340 

163.6 

2.466 

.858 

315.7 

-  9.7 

.00278 

138.5 

2.656 

.226 

303.4 

-  3.5 

.00312 

143.6 

2.656 

.476 

292.7 

-10.9 

.00327 

140.0 

2.674 

.659 

293.6 

-  9.0 

.00340 

lk6,k 

2.685 

.894 

296.8 

-12.2 

.00278 

122.4 

2.832 

.183 

295.2 

-  3.5 

.00304 

132.5 

2.836 

.449 

236.7 

-  5.4 

.00294 

120.9 

2.839 

.6k6 

294.6 

-  4.6 

.00327 

141.9 

2.861 

.877 

291.6 

-11.2 

.00265 

112.5 

5.055 

.192 

256.1 

-  3.0 

.00304 

99.7 

5.069 

.470 

271.7 

-10,6 

.00294 

108.6 

5.074 

.673 

261.8 

-11.0 

.00527 

112.1 

5.095 

.904 

279.8 

-15.4 

.00265 

103.6 

.969 

.067 

44.6 

-76.0 

.00438 

4.35 

.989 

.168 

92.6 

-76.9 

.00509 

13.3 

Shock 

1.074 

.286 

129.4 

-64.2 

.00330 

27.6 

vane 

1.190 

.416 

174.2 

-50.0 

.00307 

46.5 

has 

1.555 

.085 

147.8 

-  1.5 

.00438 

47.8 

refleetefl 

1.598 

.228 

170.3 

-26.1 

■  .00309 

44.8 

from 

1.487 

.574 

215.4 

-32.3 

.00330 

76.5 

downstream 

1.599 

.541 

254.6 

-22.3 

.00307 

99.4 

part 

1.619 

.127 

195.8 

-  9.0 

.00368 

70.6 

of 

1.635 

.300 

234.0 

-13.6 

.00308 

84.4 

model . 

1.704 

.469 

287.7 

-l4.5 

.00326 

134.8 

1.766 

.660 

292.3 

-19.6 

.00299 

127.8 

1.883 

.154 

270.7 

-  6.1 

.00508 

135.0 

1.916 

.34a 

259.3 

-  9.7 

.00308 

103.7 

1.952 

.521 

276.8 

-12.9 

.00526 

124.9 
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1!ABLE  A- IV.  (CONTimiEr)}  COMPARISON  OF  PLOW  VECTORS  -  MODEL  V 


Time,  Position,  in.  Flow  Speed, An^e,  Density,,  q.,  - 

l-LBec  X  y  .  ft/sec  deg  slugs/ft'  '  Remarks 


-1.^9 

.735 

309.5 

-16.2 

.00299 

145.3 

2.221 

.159  . 

285.0 

-15.1 

.00342 

139.0 

2.237 

.349 

280.6 

-  7.6 

.00340 

134.0 

2.266 

.526 

288.6 

-10.7 

.00336 

140.0 

2.302 

.747 

312.0 

-13.7 

.00308 

149.7 

2.460 

.166 

299.4 

-  4.2 

.00542 

153.3 

2.478 

.371 

302.2 

-  6.5 

.00340 

153.4 

2.505 

.561 

320.1 

-  6.2 

.00336 

172.3 

2.528 

.769 

323.7 

-  8.3 

.00308 

161.2 

2.511 

.197 

317.4 

-  2.5 

.00315 

158.6 

2.518 

.425 

307.3 

-  4.5 

.00309 

146.1 

2.605 

.619 

313.0 

-  7.0 

.00315 

133.4 

2.614 

.832 

337.7 

-  7.6 

.00301 

171.6 

2.804 

.217 

326.4 

-  8.0 

.00315 

167.3 

2.806 

.447 

341.2 

-  4.4 

.00309 

180.1 

2.812 

.637 

324.4 

-  3.8  ' 

.00513 

164.8 

2.819 

.865 

321.7 

-12.2 

.00301 

155.7 

2.980 

.174 

328.5 

-  0.7 

.00555 

180.7 

2.988 

.434 

323.7 

-.4.9 

.00321 

168.4 

2.997 

.633 

335.7 

-  6.7 

.00344 

193.8 

3.008 

.848 

326.8 

-  7.4 

.00293 

156.7 

3.192 

.184 

324.6 

+  0.6 

.00335 

176.3 

3.214 

.443 

521.3 

-  1.4 

.00521 

165.8 

3.214 

.646 

358.1 

-  3.7 

.00344 

188.8 

3.237 

.864 

528.1 

-  8.7 

.00293 

158.0 

3.393 

.210 

324.5 

-13.4 

.00515 

166 .0 

.459 

525.0 

-  4.5 

.00516 

166.8 

3.402 

.662 

514.9 

-  3.3 

.00302 

149.7 

3.418 

.888 

321.3 

-  7.9 

.00305 

157.3 

3.599 

.215 

305.5 

-  7.5 

.00316 

147.1 

3.595 

.468 

315.6 

-  7.0 

.00315 

157.3 

3.603 

.675 

295.7 

-  8.1 

.00302 

132.1 

3.626 

.901 

295.0' 

-  9.7 

.00303 

130.3 

.975 

.045 

41.1 

-159.4 

.00448 

3.78 

1.002 

.134 

78.7 

-77.5 

.00370 

11.5 

1.101 

.230 

108.3 

-104.0 

.00314 

18.4 

1.246 

.349 

167.8 

-93.1 

.00279 

39.3 

Ii425 

.083 

134.3 

-20.7 

.00448 

53.4 

1.479 

.188 

172.6 

-21.8 

.00370 

55.2 

1.575 

.318 

210.4 

-11.8 

.00314 

69.5 

1.700 

.499 

217.0 

-38.5 

.00279 

65.7 

1.722 

.110 

215.0 

+  3.2 

.00376 

86.8 

1.768 

.273 

238.9 

-  5.8 

.00298 

85.2 
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TABLE  A- IV.  (COWTINUED)  COMPARISON  OF  FLOW  VECTORS  -  MODEL  V 


Time, 

usee 

Position,  in. 

X  y 

Flow  Speed,  Angle, 
ft/sec  deg 

Density, , 
slugs/ft" 

5  *1^  ,  2 

Vajtt  Remarks 

1.851 

.431 

266.2 

-  7.5 

.00358 

126.7 

1.903 

.612 

281.8 

-12.5 

.00326 

129.4 

2.019 

.139 

255.2 

-  3.1 

.00376 

122.3 

2.  011  3 

.320 

268.3 

-  4.3 

.00298 

107.4 

2.086 

.490 

285.5 

-  4.0 

.00358 

145.8 

2.142 

.693 

302.2 

-  6.3 

.00326 

148.8 

2.346 

.130 

271.1 

-  0.9 

.00364 

133.9 

2.37^ 

.331 

281.9 

-11.1 

.00318 

125.7 

2.400 

.501 

296.9 

-  7.6 

.00329 

144.8 

2.451 

.711 

321.9 

-13.9 

.00313 

162.1 

2.606 

.156 

295.8 

-  4.1 

.00364 

159.4 

2.621 

.351+ 

302.9 

-  6.9 

.00318 

146.0 

2.655 

.344 

311.9 

-10.0 

.00529 

159.8 

2.677 

.747 

357.3 

-11.1 

.00313 

178.0 

2.739 

.190 

316.6 

+  0.8 

.00347 

173.9 

2.739 

.413 

319.2 

-  3.8 

.00314 

160.1 

2.752 

.601 

314.5 

-  5.7 

.00301 

149.0 

2.777 

.811 

331.9 

-  4.3 

.00312 

171.9 

2.958 

.195 

516.3 

+  5.0 

.00347 

173.6 

2.971 

.434 

319,2 

-  1.5 

.00314 

163.7 

2.974 

.626 

329.0 

-  5.1 

.00301 

165.1 

2.978 

.830 

326.1 

-  0.7 

.00312 

165.9 

3.138 

.172 

359.6 

-  2.9 

.00326 

211.0 

3.136 

.421 

350.3 

-  1.8 

.00323 

198.3 

3.150 

.615 

330.1 

-  5.4 

.00344 

187.5 

3.161 

.828 

338.3 

-  3.8 

.00295 

168.6 

3.357 

.186 

320.9 

-  4.6 

.00326 

168 . 1 

3.366 

.439 

30Y.2 

-  5.9 

.00323 

152.6 

3.380 

.635 

313.1 

-  1.7 

.00344 

168.7 

3.391 

.841 

514.9 

-  3.8 

.00295 

146.1 

3.51+5 

.174 

255.8 

+14.0 

.00359 

117.4 

3.554 

.447 

266.9 

-  4.7 

.00289 

103.1 

3.559 

.653 

268.7 

-12.4 

.00301 

108.8 

3.571+ 

,866 

277.8 

-  5.1 

.00333 

128.4 

3.764 

.194 

211.6 

-10.0 

.00359 

80.5 

3.758 

.449 

219.1 

+18.4 

.00289 

69.4 

3,754 

.653 

221.2 

H  2.0 

.00301 

73.7 

3.764 

.877 

233.6 

+13.4 

.00333 

90.8 

378 

.960 

.040 

71.5 

-142.3 

.00503 

12.8 

1.006 

.118 

87.0 

-143.1 

.00337 

12.7 

1.092 

.194 

121.6 

-140.9 

.00287 

21.2 

1.242 

.282 

167.9 

+65.6 

.00323 

43.6 

1.492 

.058 

105.9 

•  -24.8 

.00503 

28.2 
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TABLE  A- Pi'.  (CONTINUED)  COM^AiHISON  OP  FLOW  VE0TC5RG  -  ?*!(', jji.’j,  v 


Time, 


Poei tlon, 

X 

in. 

y 

Flow  tbeed,  Angle, 
ft/sec  deg 

Density, . 
slugs/ 

''^■’  /  2 

Ib/l’t  Remarks 

1  .‘j'o 

,l6p 

lAl  .2 

-51.8 

•00357 

b5.6 

1 , .  ^'2 

,  POO 

190.  A 

-37.5 

.00287 

';2.0 

J  .  ,7.1 

.L-Up 

211.4 

-2/. 9 

.00323 

/2,5 

1,(07 

.li-' 

228.8 

-  8.9 

.00367 

95,9 

i.rvii 

P  ’■  P 

259.4 

-14.5 

,00309 

88.5 

!  .'7iV 

.hUi 

I'lc  .8 

-18.2 

.00328 

99.8 

;LOJL 

280.8 

~.18.2 

,00316 

124.5 

O.L'O 

-IPII  . 

268.0 

-  4.9 

.0034.7 

132.2 

:7  u  'i 

.  P  1  1 

26/.  4 

-15.6 

.00509 

1.10.4 

::  .p],o 

.iibi 

20  M 

-17.0 

.00528 

144.6 

O.LY») 

4t‘,»7^3 

50y.7 

-19.5 

.00516 

191.7 

0  ,iA.7 

.128 

249.9 

-  2.9 

.00566 

114,1 

L-ii95 

•  POT 

258.4 

-  5.6 

.00552 

1,1.0. 8 

P .  ‘jp< 

.  40 '3 

P.6?. .  0 

-  8.0 

.00524 

111.2 

2.1)90 

.:.7m 

2/0.5 

-  5.6 

,00525 

124,1 

P.Y3S 

.11, -e 

204.9 

••  1.6 

. 00566 

'  76.7 

•  p38 

217.6 

-  4.8 

.00352 

7  8 . 6 

::ly89 

,■>21 

222.5 

-  1.9 

.00524. 

80.2 

.YIO 

25P.4 

9-7 

.00525 

IQ)!  .2 

Il  ,w' 

.102 

2682. 

~  9*9 

.00521 

115.6 

2. ''(9 

M.O 

29/.  9 

-  9-1 

.0052.1 

142  .6 

:2>Vi 

,  V  - 

>:i4.2 

•'  i.p 

.00517 

436.5 

P.YPM 

8oo 

5)2.4 

••  7.8 

.0050'. 

).'i9.2 

"y  t  •  ’■/*  ' 

255.9 

-  i4.7 

.  ,0052) 

8  / .  f 

P 

,  '•!  .  7  i 

-'■'i 

-  v.O 

.OOpPi 

99 . 4 

p.  1  i', 

iP 

. ”  .  'll  .  / 

••  8.1 

. 0051/ 

1 19 , 1 

P  ■  1.  1  ' / 

.  ‘  ’  ' 

'  ■''(  . 

•10.6 

.00 50''. 

11.7.9 

:>■ 

•  i'>p 

/  ‘(a  1 ,  y 

-  56.0 

.00422 

9  ■■v'l'-) 

.  '1  i 

200. 

1  9-7 

,00597 

8', -.4 

P.po:’ 

J.  00 

215.4 

1  i.  •  5 

-OOJlOV 

92.  Y 

■} ,  pPO 

Oil 

258.2 

>20." 

.005..') 

91, 0 

p, 

,170 

ll.l.O 

■•■85.7 

.00422' 

55.5 

P  -  ''90 

.•'■po 

i  ','  0 .  . ! 

>42 .0 

,00397 

97.4 

(• .  l>''!9 

I..4.5 

■Klf. 

.0040/ 

55 , 1 

•L'O'P 

Pb-’ 

215.2 

+45 .8 

.00539 

■/8.4 

p..'Sli 

. :( yii 

99.4 

+59.0 

.00425 

'1  ‘  .0 

p .  f  Pl-P 

.Ap9 

120.9 

•i-i-O  •  *1 

.00385 

.985 

p . '  lO 

*‘'C  ' 

159.8 

.00414 

p2.8 

p.  '0 

.  O' 

I/O.  1 

h49-6 

.005215 

60.8 

.  1.. .. 

■Kb.  3 

.00425 

9-9 

P  ■  ;  ' 

J  ■ 

vp  .6 

^■58. 4 

.00565 

10.2 

P.  ''7 

li5.4 

+62 .6 

.00414 

27.6 

p  ■  ''-■■p9 

•  o  T  = 

154.2 

+.0.0 

.00505 

45.6 
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sable  A-IV.  (COMTIIJUBD)  COMPARISON  OP  PLOW  VECTORS  -  MOEBL  V 


Time, 

(xsec 


417 


Position,  in. 

X  y 

Flow  Speed,  Angle^ 
ft/see  deg' 

Density, , 

.  slugs/ft^ 

9  2 

Ib/ft^  RemarRs 

.921 

.009 

97.9 

-180.0 

.00752 

36.1 

.955 

.080 

100.4 

-176.4 

.00354 

17.8 

1.034 

.146 

139.7 

-140.4 

.00275 

26.8 

1.206 

.203 

160.5 

-147.3 

.00323 

41.6 

1.516 

.047 

82.5 

-  12.5 

.00752 

25.6 

1.595 

.130 

127.8 

-  24.9 

.00354 

29.0 

1.731 

.246 

167.5 

-  15.5 

.00275 

58.5 

1.863 

.394 

226.0 

-  19.4 

.00323  • 

82.5 

1.934 

.098 

224.9 

-  3.4 

.00381 

96.3 

1.987 

.233 

225.5 

-  12.2 

.00317 

80.6 

2.073 

.376 

245.7 

-  15.4 

.00343 

103.6 

2.155 

.541 

263.2 

-  20.7 

.00564 

107.0 

2.269 

.121 

262.6 

+  1.1 

.00381 

131.3 

2.287 

.277 

241.9 

-  2.1 

.00317 

92.7 

2.356 

.436 

260.4 

-  5.5 

.00343 

116.4 

2.424 

.637 

268.4 

-  12.2 

.00304 

109.6 

2.575 

.123 

liMf.4 

-  13.0 

.00441 

46.0 

2.608 

.300 

+  29.1 

•  .00415 

44.4 

2.639 

.468 

134.5 

+  25.3 

.00396 

47.2 

2.700 

.666 

168.9 

+  26.6 

.00380 

54.2 

2.794 

.145 

97.5 

+  15.9 

.00441 

21.0 

2.819 

.333 

113.6 

+  33.7 

.00415 

26.8 

2.857 

.519 

1:29,3 

+  25.6 

.00396 

33.1 

2.906 

.723 

150,2 

+  22.6 

.00580 

32.2 

2.989 

.179 

160.5 

+  24.8 

.00446 

57.4 

3.016 

.391 

188.5 

+  64.8 

.00405 

71.6 

3.043 

.570 

194.0 

+  49.4 

.00412 

77.6 

3.067 

.780 

199.4 

+  30.1 

.00384 

76.3 

3.173 

.183 

115.6 

+  60.3 

.00446 

29.8 

3.197 

.418 

135.1 

+  42.9 

.00403 

36.8 

3.219 

.599 

163.5 

+  49.4 

.00412 

55.1 

3.235 

.807 

193.7 

+  46.2 

.00384 

72.0 

3.306 

.177 

55.7 

+  27.9 

.00579 

5.88 

3.331 

.418 

38.6 

+  26.6 

.00404 

6.93 

3.346 

.609 

143.2 

+  49.4 

.00431 

31.7 

5.378 

.834 

142.2 

+  35.0 

.00340 

32.1 

3.489 

.192 

46.5 

+  19.7 

.00379 

4.09 

3.518 

.447 

63.4 

+  31.3 

.00404 

8.12 

3.530 

.644 

106.0 

+  48.1 

.00431 

24.3 

3.574 

.875 

158.6 

+  31.9 

.00340 

42.7 

3.630 

.205 

48.0 

+  52.0 

.00394 

4.53 

3.655 

.465 

87.5 

+  54.7 

.00381 

l4.6 

3.680 

.680 

132.2 

+  51.6 

.00376 

32.9 

3.716 

.906 

178.8 

+  54.3 

.00400 

63.9 
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TABLE  A- IV.  (CONTINUED)  COMPARISON  OP  PLOW  VICTORS  MODEL  V 


Time, 

lasec 


455 


Position, 

in. 

Plov  speed 

,  Angle, 

Density, , 

X 

y 

ft/ sec 

deg 

slugs/ft^ 

2 

Ib/ft  Remarks 

3.798 

.219 

58.5 

+22.6 

.00394 

6.74 

3.811 

.485 

89.1 

+51.6 

.00381 

15.1 

3.832 

.704 

151.1 

+62.4 

.00376 

45.0 

3.870 

.933 

194.8 

+55.8 

.00400 

75.9 

2.026 

.092 

140.1 

-  5.4 

.00384 

‘'f  Mach 
^q*A  reflection 
^7  fomed 

downstream 

8^3.  reflection 
32.0  . 

^5*66 

5.66  ^ 

§5  ■  middle 

14*9 

the 

n:i 

2.079 
2.166  • 

.213 

.351 

135.2 

148.0 

-13.2 
-  9.9 

.00339 

.00363 

.  2.251 

.505 

166.3 

-  2.0 

.00338 

2.365 

.123 

118.0 

-39.8 

.00384 

2.385 

2.450 

.273 

.427 

143.9 

132.7 

+  5.7 
+  7.1 

.00339 

.00363 

2.510 

.617 

154.2 

+  8.4 

.00358 

2.599 

.118 

50.2 

-  9.3 

.00450 

2.624 

.309 

60.7 

-29.1 

.00371 

2.673 

.485 

82.8 

-31.4 

.00374 

2.740 

.685 

89.9 

-31.4 

.00368 

2.819 

2.852 

.152 

.354 

68.4 

79.9 

-  8.5 

-18.4 

.00450 

.00371 

2.903 

.541 

95.1 

-14.0 

.00374 

16.9 

2.950 

.741 

101.3 

+11.3 

.00368 

18.9 

3.012 

.190 

66.1 

+30.5 

.00403 

8.79 

■  3.031 

.422 

70.0 

-10.0 

.00386 

9.46 

3.065 

.595 

94.2 

+15.4 

.00382 

16.9 

3.101 

.800 

110.4 

+23.6 

.00370 

22.6 

3.188 

.208 

82.9 

+19.8 

.00403 

13.8 

3.222 

.441 

84.0 

429.7 

.00386 

13.6 

3.251 

.637 

114.4 

+26.6 

.00382 

25.0 

3.278 

.852 

150.8 

+30.7 

.00370 

42.1 

3.337 

.194 

55.3 

+12.5 

.00368 

5.61 

3.364 

.454 

77.9 

+36.9 

.00408 

12.4 

3.391 

.660 

124.6 

+28.4 

.00588 

50.2 

3.433 

.872 

151.2 

+39.1 

.00345 

39.4 

3.514 

.201 

60.7 

+37.6 

.00368 

6.78 

3.559 

.474 

93.1 

+47.7 

.00408 

18.4 

3.577 

,696 

153.6 

+50.4 

.00388 

34.7 

3.626 

.942 

177.8 

+44.1 

.00345 

54.5 

3.659 

.221 

66.9 

+43.0 

.00376 

8.40 

3.686 

.508 

117.6 

+47.6 

.00346 

23.9 

3.722 

.732 

143.0 

+55.0 

.00346 

35.4 

3.776 

.989 

204.8 

+47.5 

.00373 

78.2 

5.820 

.228 

61.0 

467.6 

.00576 

6.99 

3.845 

.528 

122.9 

+66.6 

.00346 

26.2 

3.872 

.779 

174.6 

463.4 

.00346 

52.8 

3.935 

1.049 

243.5 

+56.3 

.00373 

110.6 
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TABLE  A- IV.  (COMTINUBD)  COMPARISON  (F  PLCW  VECTORS  -  MODEL  V 


Tine, 

(isee 

Position,  in. 

X  y 

Flow  Speed,  Ai^e, 
ft/eec  deg 

Density,, 

alugs/H' 

5  !  2 

Ib/ft  Renarks 

493 

2.064 

.089 

60.1 

-U4.0 

.00449 

ft  '■ 

8.09 

2.110 

.206 

45.7 

•  -  80.5 

.00344 

3.60 

2.207 

.344 

62.7 

-  26,6 

.00378 

7.43 

2.303 

.503 

77.0 

-  43.8 

.00361 

10.7 

2.376 

.114 

42.2 

-  21.0 

.00449 

3.99 

2.421 

.277 

59.6 

-  41.2 

.00344 

6.12 

2.479 

.431 

62.0 

-  34.7 

.00378 

7.27 

2.366 

.624 

76i4 , 

«  24.4 

.00361 

10.5 

2.621 

.114 

69.2 

-  2.5 

.00441 

10.6 

2.657 

.291 

95.7 

+  4.1 

.00381 

17.5 

2.706 

.465 

90.8 

-  4.6 

.00376 

15.5 

2.772 

.666 

112.5 

+  4.8 

.00349 

22.1 

2.856 

.146 

93.4 

-  8.4 

.00441 

19.2 

2.885 

.344 

96.8 

+  7.6 

.00381 

17.9 

2.939 

.532 

113.5 

+  i4.0 

.00376 

24.2 

2.995 

.751 

130.4 

+  17.1 

.00349 

29.7 

3.043 

.208 

65.7 

-  45.0 

.00364 

7.87 

3.061 

.416 

82.6 

+  18.4 

.00382 

13.0 

3.117 

.610 

91.6 

+  20.6 

.00367 

15.4  • 

3.159 

.825 

122.6 

+.22,9 

.00331 

26.5 

3.233 

.224 

80.7 

0.0 

.00364 

11.9 

3. 260 

.463 

82.6 

+  22.4 

.00382 

13.0 

3.302 

.662 

106.0 

+  31.0 

.00367 

20.7 

3.345 

.892 

137.5 

+  30.3 

.00351 

33.1 

3.353 

.197 

63.6 

+  12.3 

.003i<2 

6.91 

3.393 

.456 

104.9 

+  28.1 

.00370 

20.3 

3.434 

.684 

121.0 

+  31.0 

.00397 

29.0 

3.490 

.919 

165.2 

+  34.8 

.00340 

46.4 

3.537 

.219 

71.2 

+  32.9 

.00342 

8.65 

3.375 

.514 

117.7 

+  24.9 

.00370 

25.6 

3.612 

.738 

149.2 

+  38.1 

.00397 

44.2 

3.684 

.998 

206.2 

+  41.7 

.00340 

72.3 

3.679 

.241 

76.4 

+  22.2 

.00356 

10.4 

•  3.724 

.550 

102.5 

+  33.7 

.00390 

18.4 

3.760 

.787 

160.6 

+  49.4 

.  .00355 

45.8 

3.836 

1.054 

225.9 

+  50.4 

.00379 

96.8 

3.832 

.259 

74.5 

+  36.9 

.00356 

9.89 

3.868 

.582 

128.1 

+  57.3 

.00350 

28.7 

3.906 

.848 

188.1 

+  57.8 

.00355 

62.8 

3.997 

l.l4l 

261.8 

+  56.1 

.00379 

130.0 
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TABDE  A-IV.  (COiraiNUED)  COMP^ISON  OP  PLOW  VECTORS  -  MODEL  V 


Time, 

^sec 

Position, 

X 

in. 

y 

Plow  Speed, 
ft/sec 

Angle, 

deg 

Density, _ 
slugs/ft^ 

i  2 

Ib/ft*" 

Remrlcs  . 

532 

2.05T 

.072 

36.5 

-26.6 

.00467 

3.11 

2.1U 

.195 

63.2 

-10.9 

.00319 

6.38 

Mach 

2.222 

.337 

57.2 

-43.0 

.00366 

.  5.99 

stem 

2.316 

.489 

.  p-1 

-39.0 

.00344 

9.18 

reflection 

2.399 

.105 

62.5 

+  9.5 

.00467 

9.11 

has 

2.435 

.264 

64.4 

-12.8 

.00319 

6.63 

interacted 

2.502 

.414 

81.2 

+  2.2 

.00366 

12.1 

with 

2.585 

.615 

76.7 

-10.5 

.00344 

10.1 

vortex. 

2.662 

.112 

98.4 

-  2.1 

.00445 

21.5 

2.707 

.295 

100.5 

+  2.5 

.00355 

17.9 

2.751 

.461 

112.5 

+  5.4 

.00362 

22.9 

2.838 

.671 

128.6 

+  7.9 

.00333 

27.6 

2.904 

.139 

103.8 

+11.3 

.00445 

24.0 

2.939 

.351 

117.8 

+11.7 

.00355 

24.1 

3.004 

.548 

126.2 

+  4.2 

.00362 

28.8 

3.065 

.772 

149.1 

-  1.6 

.00333 

37.0 

3.061 

.190 

99.3 

+  1.5 

.00356 

17.5 

3.105 

.431 

111.2 

0.0 

.00355 

22.0 

3.146 

.621 

118.1 

+10.5 

,.00367 

25.6 

3.206 

.845 

153.2 

+22.0 

.00347 

40.7 

3.260 

.224 

88.5  . 

+11.3 

.00356 

13.9 

3.291 

.476 

112.1 

+24.0 

.00355 

22.3 

3.338 

.684 

146.2 

+22.6 

.00367 

59.3 

3.389 

.917 

149.5 

+29.2 

.00347 

38.8 

3.395 

.206 

104.4 

+34.2 

.00326 

17.8 

3.447 

.485 

123.7 

+32.6 

.00375 

28.7 

3.489 

.716 

142.2 

+42.9 

.00566 

37.0 

3.556 

.964 

195.8 

+37.9 

.00507 

58.9 

3.568 

.239 

68.5 

+36.9 

.00326 

7.65 

3.626 

.537 

126.8 

+54.5 

.00375 

30.2 

3.679 

.790 

177.0 

+57.0 

.00366 

57.3 

,  3.767 

1.072 

216.2 

+49.9 

.00307 

71.7 

..  3.718 

.257 

86.0 

+47.0 

.00361 

13.4 

3.756 

.571 

108.4 

+52.1 

.00349 

20.5 

3.814 

.850 

181.2 

+53.6 

.00329 

54.0 

3.914 

1.148 

293.7 

+49.8 

.00379 

163.5 

3.861 

.280 

70.5 

+1J2.3 

.00301 

8.96 

3.401 

.633 

123.4 

+55.8 

.00349 

26.5 

3.959 

.931 

212.6 

460.6 

.00329 

74.3 

4.071 

1.251 

402.7 

+38.3 

.00379 

307.4 
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TABLE  A- IV.  (continued)  COMPARISON  OP  PLOW  VECTORS  -  MODEL  V 


Time, 

lisec 


570 


608 


Position,  in. 

X  y 

Flow  Speed,  Angle, 
ft/sec  deg  . 

Density,. 

slugs/ft' 

5  )  2 

Ib/ft  Remarks 

2.072 

.065 

41.4 

-14.0 

.00452 

3.87 

2.158 

.186 

71.7 

-73.3 

.00346 

8.88 

2.249 

.311 

74.8 

+90.0 

.00372 

10.4 

2.354 

.458 

124.3 

0.0 

.00368 

28.4 

2.432 

.110 

82.3 

-24.4 

.00346 

15.3 

2.475 

.255 

82.0 

-24.0 

.00452 

11.6 

2.549 

.416 

102.8  ■ 

-15.1 

.00572 

19.6 

2.634 

.606 

133.0 

-  2.8 

.00368 

32.6 

2.711 

,110 

127.9 

0.0 

.00440 

36.0 

2.749 

.297 

124.0 

-  1.4 

.00348 

26.7 

2.809 

.467 

149.7 

-  1.3 

.00370 

41.5 

2.890 

.678 

161.7 

+  2.2 

.00335 

43.9 

2.950 

.148 

117.0 

0.0 

.00440 

30.1 

2.991 

.362 

142.9 

-  2.7 

.00348 

35.5 

3.053 

.552 

149.9 

+  4.7 

.00370 

41.6 

3.129 

.770 

194.8 

+14.5 

.00355 

63,5 

3.128 

.192 

112.6 

+25.3 

.00366 

23.2 

3.163 

.431 

113.7 

+19.8 

.00334 

22.9 

3.224 

.635 

136.1 

+24.6 

.00357 

33.1 

3.291 

.879 

167.2 

+16.4 

.00330 

46.2 

3.315 

.235 

100.9 

+10.8 

.00366 

18.6 

3.356 

.505 

127.1 

+  4.4 

.00354 

28.6 

3.425 

.720 

151.3 

+27.6 

.00357 

40.9 

3.467 

.961 

171.2 

+29.2 

.00330 

48.4 

3.440 

.257 

107.8 

+18.4 

.00337 

19.6 

3.492 

.514 

109.2 

+19.8 

.00397 

23.7 

3.539 

.763 

143.8 

+23.0 

.00370 

38.3 

3.637 

1.027 

200.2 

+40.6 

.00331 

70.3 

3.590 

.255 

83.8 

+16.5 

.00337 

11.8 

3.662 

.588 

134.8 

+31.0 

.00397 

36.0 

3.722 

.857 

174.6 

+31.6 

.00370 

56.4 

3.825 

1.141 

272.8 

+40.5 

.00351 

150.3 

2.093 

.060 

55.6 

-10.6 

.00493 

7.62 

2.164 

.168 

60.2 

-29.1 

.00328 

5.94 

2.249 

.279 

99-2 

+  3.5 

.00335 

17.5 

2,421 

.458 

128.6 

-  7.9 

.00352 

27.4 

2.471 

.092 

105.2 

+  1.9 

.00493 

27.3 

2.508 

.241 

88.8 

-  4.4 

.00328 

12.9 

2.596 

.403 

113.2 

-  9.2 

.00355 

22.  S 

2.708 

.602 

165.9 

-  7.8 

.00332 

45.6 

2.780 

.110 

133.4 

-13.6 

.00462 

4l.l 

2.821 

.295 

152.1 

-20.4 

.00358 

4l.4 

2.888 

.465 

188.9 

+  2.2 

.00355 

63.3 
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TAMJi;  A-rV.  (continued)  comparison  of  flow  VECTORB  -  MODEL  V 


Time, 

^sec 


646 


Position, 

X, 

In. 

y 

Plow  Speed, 
ft/eee 

Angle, 

deg 

Density, 

slugs/ft^ 

*1  ,  2 

Ib/ft 

Remarks 

2.986 

.682 

210.8 

+  4.2 

.00316 

70.2 

3.011 

.148 

l4l  .6 

-  1.5 

.00462 

46.4 

Small 

3.069 

.358 

148.1 

-  7.1 

.00358 

39.2 

portion 

3.i4i 

.559 

181.4 

+  4.0 

.00355 

58.4 

of 

3.241 

.799 

216.6 

+  3.7 

.00316 

74.1 

Mach 

3.163 

.208 

124.8 

-  6.6 

.00361 

26.1 

stem 

3.20fi 

.447 

139.6 

+14.0 

.00352 

34.3 

has 

3.268 

.655 

155.8 

+15.1 

.00352 

40,3 

reflected 

3.553 

.897 

192.8 

^20.1 

.00542 

63.7 

from 

3.353 

.242 

107.5 

0.0 

.00361 

20.9 

upstream 

3.403 

.508 

155.6 

+19.4 

.00352 

42.6 

wall. 

3.467 

.742 

139. 

+16.5 

.00332 

32.3 

3.52a 

.995 

223.2 

+24.9 

.00342 

85.3 

3.483 

.251 

95.3 

+14.6 

.00313 

14.2 

3.537 

.530 

142.1 

+35. 

.00371 

37.5 

3.599 

.789 

174.6 

+39.0 

.00353 

53.8 

3.700 

1.081 

222.4 

+37.9 

.00267 

66.1 

3.639 

.269 

115.7 

+37.2 

.00313 

21.0 

3.716 

.620 

127.8 

+35.8 

.00371 

30.3 

3.792 

.901 

197.9 

+50.1 

.00553 

69.1 

3.950 

1.248 

256.0 

+45.0 

.00267 

87.6 

2.122 

.054 

61.0 

+  7.6 

.00486 

8.67 

2.196 

.150 

57.5 

-  6.3 

.00538 

5.60 

2.309 

..282 

94.4 

-45.0 

.00540 

15.2 

2.473 

.451 

102.1 

-4I-D.7 

.00330 

17.2 

2.526 

.094 

72.0 

+  8.1 

.00466 

12.1 

2.555 

.237 

110.8 

0.0 

.00358 

20.8 

2.652 

.594 

120.0 

-  9.5 

.00340 

24.5 

2. 780 

•592 

153.2 

+10.0 

.00330 

38.7 

2.832 

.098 

141.5 

+  4.1 

.00451 

45.2 

2.885 

.271 

149.8 

+11.9 

.00371 

41.6 

2.982 

.468 

157.3 

-  4.1 

.00555 

44.1 

3.084 

.669 

170.5 

-17.9 

.00341 

49,6 

3.080 

.146 

133.9 

+  5.8 

.00431 

40.5 

3.127 

.351 

157.4 

+15.8 

.00371 

45.0 

3.219 

.564 

164.4 

+15.8 

.00355 

48.1 

3.324 

.805 

188.3 

+22.4 

.00341 

GO.  7 

3.240 

.199 

146.2 

+58.7 

.00376 

40. L 

3.287 

.467 

147.2 

+25.2 

.00324 

33.1 

3.362 

.680 

159.6 

+18.4 

.00341 

57.8 

3.461 

.937 

210.7 

+54.0 

.00332 

73.7 

3.4i4 

.242 

128.3 

+36.2 

.00376 

31.0 

3.496 

.541 

161.6 

+31.0 

.00324 

42.3 
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TABLE  A- IV.  (GOlSTINUED)  COMPARISON  OP  PLOW  VECTORS  -  MODEL  V 


Tine, 

nsec 


685 


Position, 

X 

In. 

y 

Blow  Speedj 
ft/seo 

,  Angle, 
deg 

Density,, 

slugs/ft^ 

Ib/ft  Remarks 

3.5I^6 

.765 

187.7 

+36.2 

.00341 

60.0 

3.653 

1.053 

246.8 

+40.2 

.00332 

101.1 

3.525 

,262 

103.9 

+19.7 

.00301 

16.3 

3.606 

.579 

139.7 

+  9*1 

.  .00381 

57.2 

3.675 

.850 

196.1 

+26.6 

.00363 

69.7 

3.798 

1.157 

242.2 

+33.4 

.00331 

97  •! 

3.684 

.304 

109.0 

+31.8 

.00301 

17.9 

.  3.762 

.653 

117.6 

+42.3 

.00381 

26.4 

3.858 

.978 

167.6 

+34.2 

.00363 

50.9 

4.002 

1.300 

242.5 

+39.2 

.00331 

97.4 

2.149 

.058 

78.5 

-  9.1 

.00451 

13.9 

2.213 

.148 

89.6 

-14.0 

.00346 

13.9 

2.329 

.262 

93.9 

-37.6 

.00346 

15.2 

2.502 

.420 

110.9 

+  7.7 

.00310 

4o.l 

2.538 

.096 

94.8 

-11.0 

.00451 

20.3 

2.611 

.237 

147.6 

-  2.5 

.00346 

57.7 

2.707 

.385 

136.8 

+  2.9 

.00346 

32.4 

2.850 

.602 

134.8 

-13.2 

.00310 

28.2 

2.908 

,103 

130.6 

-  9.5 

.00470 

40.1 

2.953 

.286 

128.4 

-10.9 

.00355 

29.3 

3.033 

.465 

119.9 

-19.5 

.00549 

25,1 

3.140 

.671 

153.6 

+  8.8 

,00340 

40.1 

3.134 

.150 

116.4 

-15.9 

.00470 

51.8 

3.210 

.374 

131.6 

-  6,0 

.00355 

50.8 

3.290 

.584 

146.8 

-  5.0 

.00349 

57.6 

3.407 

.839 

165.2 

+  6.7 

.00340 

46.4 

3.286 

.235 

147.6 

+  1.3 

.00349 

58.0 

3.338 

.489 

164.2 

+16.1 

.00343 

46.3 

3.432 

.704 

160.2 

+19.7 

.00349 

44.8 

3.528 

.982 

198.4 

+17.2 

.00319 

62.8 

3.461 

.277 

126.5 

+l4.0 

.00349 

28.0 

3.541 

.368 

110.4 

+25.6 

.00343 

20.9 

3.620 

.820 

181.0 

+34.4 

.  .00349 

57.1 

3.723 

1.113 

238.9 

+37.7 

.00319 

91.0 

3.575 

.280 

108.4 

+  4.4 

.00280 

16.4 

3.651 

.586 

123.9 

+27.9 

.00417 

32.0 

3.751 

.888 

184.4 

+35.7 

.00428 

72.7 

3.883 

1.214 

320.2 

+40.1 

.00331 

169.7 

3.722 

.327 

94.7 

-  4.8 

.00280 

12.6 

3.801 

.689 

119.7 

+32.2 

.00417 

29.9 

3.903 

1.009 

259.7 

+48.9 

.00428 

144.2 

4.120 

1.396 

330.5 

+32.2 

.00331 

180.7 
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Oa^BLE  A- IV.  (COBTINUED)  COMPARIBON  OP  PLOW  VECTORS  -  MODEL  V 


Time, 

|i8ec 


725 


762 


Position 

X 

,  in. 

y 

Plow  Speed,  Angle, 
ft/sec  deg 

Density,, 

slugs/fv 

"I'  /  2 

Ib/ft 

Remarks 

2.195 

.051 

99.5 

-15.6 

.00507 

25.1 

2.278 

.132 

93.7 

-79.7 

.00331 

14.5 

2.576 

.226 

173.0 

+16.5 

.00353 

52.9 

2.609 

.434 

162.5 

-65.6 

.00316 

41.7 

2.613 

.081 

137.9 

+  7.9 

.00307 

48.2 

2.692 

.233 

142.1 

-  6.1 

.00331 

33.4 

2.779 

.389 

127.5 

-20.6 

.00353 

28.7 

2.911 

.588 

161.1 

+12.0 

.00316 

4l.O 

2.915 

.096 

120.0 

+11.0 

.00510 

36.7 

3.000 

.277 

138.1 

+10.5 

.00348 

33.1 

3.089 

.445 

157.9 

■1^4.9 

.00398 

49.6 

3.221 

.684 

172.2 

+25.3 

.00327 

48.5 

3.185 

.136 

136.4 

+14.4 

.00510 

47.5 

3.2kk 

.371 

127.1 

+19.2 

.00348 

28.1 

3.351 

.579 

132.3 

+28.9 

.00398 

54.8 

3.W9 

.846 

202.2 

+36.7 

.00327 

66.9 

3.365 

.237 

103.8 

+18.4 

.00367 

19.8 

3.432 

.516 

140.5 

+  9.5 

.00407 

40.1 

3.503 

.729 

186.5 

+34.6 

.00405 

70.4 

3.628 

1.013 

226.1 

+40.2 

.00364 

95.0 

3.519 

.291 

97.1 

+  3.4 

.00367 

17.3 

3.586 

.590 

138.9 

+27.1 

.00407 

59.2 

3.684 

.863 

188.1 

+42.8 

.00405 

71.6 

3.827 

1.192 

333.5 

+42.2 

.00364 

202.4 

2.240 

.038 

134.2 

-  5.3 

.00541 

48.7 

2.282 

.112 

157.7 

-  2.5, 

.00337 

41.9 

2.473 

.255 

240.7 

-12.8 

.00323 

93.7 

Vosrisox 

2.627 

.394 

260.8 

+11.5 

.00339 

113.4 

hA.fi 

2.665 

.089 

137.0 

-  7.0 

.00541 

50.7 

2.743 

.228 

120.3. 

-19.0 

.00357 

24.4 

ChXJUWO  W 

2.822 

.375 

158.7 

-  4.1 

.00323 

40.8 

wLe  V  yj9  CL 

2.996 

.606 

200.0 

0.0 

.00539 

67.9 

A  V  wji WiA  0 

3.017 

.109 

160.8 

-  3.8 

.00439 

36.7 

3.078 

.291 

156.8 

+  1.6 

.00345 

42.2 

3.167 

.481 

174.3 

+  5.6 

.00381 

57.8 

3.290 

.716 

165.2 

+12.4 

.00322 

43.9 

3.255 

.154 

152.4 

+  6.2 

.00439 

50.9 

3.322 

.398 

154.4 

+14.0 

.00543 

40.9 

3.404 

.608 

183.0 

•*25.7 

.00381 

63.7 

3.568 

.921 

247.6 

■»29.2 

.00322 

98.6 

3.382 

.242 

85.4 

-10.0 

.00331 

12.1 

3.465 

.521 

122.0 

+19.7 

.00342 

25.5 

3.584 

.785 

156.7 

+  4.4 

.00341 

41.8 

3.709 

1.082 

172.7 

+21.4 

.00331 

49.4 
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TABLE  A-IV.  (COMTINUED)  COMPARISON  OF  FLOW  VECTORS  -  MODEL  V 


Time, 

[isec 


800 


838 


876 


Position,  in.  Plow  Speed,  Angle,  Density,,  q, 

X  y  ft/sec  deg'  slugs/ft^  It/ft 


5.550 

.295 

118.7 

5.657 

.626 

156.9 

5.756 

.950 

204.7 

5.961 

1.314 

515.4 

2.316 

.031 

103.5 

2.408 

.107 

152.6 

2.595 

.228 

151.6 

2.822 

.434 

300.1 

2.759 

.080 

156.1 

2.801 

.208 

123.1 

2.924 

.565 

183.2 

3.096 

.606 

161.2 

3.098 

.103 

149.5 

5.143 

.295 

115.7 

3.241 

.488 

162.5 

3.364 

.752 

189.6 

5.522 

.161 

157.2 

3.580 

.412 

150.3 

5.501 

.655 

197.0 

5.659 

.971 

200.7 

3.443 

.232 

139.2 

5.541 

.548 

151.8 

5.651 

.789 

180.1 

5.760 

1.102 

315.1 

3.628 

.511 

159.1 

5.720 

.648 

188.9 

5.857 

.975 

281.8 

4.055 

1.577 

260.2 

5.152 

.116 

143.3 

3.183 

.282 

167.0 

5.515 

.499 

164.7 

3.456 

.767 

190.5 

5.578 

.179 

168.1 

3.440 

.421 

169.5 

5.572 

.675 

236.3 

5.755 

1.004 

257.0 

5.228 

.119 

132.0 

5.291 

.511 

157.7 

5.591 

.508 

i4o.5 

3.552 

.778 

183.3 

5.471 

.204 

124.1 

+13.1 

.00331 

23.5 

+18.9 

.00342 

42.1 

^28.1 

.00341 

71.4 

+33.9 

.00331 

164.6 

+  5.7 

.00613 

52.7 

+20.6 

.00398 

46.3 

+73.3 

.00429 

49.5 

+58.8 

.00372 

167.6 

-  4.4 

.00613 

74.6 

-  5.4 

.00398 

32.6 

+14.7 

.00429 

73.5 

+  4.1 

.00372 

48.4 

+13.1 

.00468 

52.2 

-15.3 

.00345 

23.1 

+  8.3 

.00374 

49.4 

+20.4 

.00305 

54.8 

+17.9 

.00468 

44.1 

+  8.6 

.00345 

29.4 

+14.4 

.00374 

72.7 

+23.7 

.00305 

61.4 

+30.7 

.00329 

31.9 

+30.4 

.00321 

56.9 

+40.1 

.00325 

52.8 

+43.9 

.00271 

134.6 

+37.5 

.00329 

41.6 

+49.7 

.00321 

57.2 

+32.8 

.00325 

129.2 

+37.0 

.00271 

91.8 

+  2.7 

.00406 

41.7 

+14.9 

.00358 

49.9 

+  6.8 

.00368 

49.9 

+  8.1 

.00308 

53.9 

+15.4 

.00406 

57.3 

+18.8 

.00358 

51.4 

+31.7 

.00368 

102.7 

+39.8 

.00308 

101.9 

+  4.6 

.00398 

34.7 

+  6.3 

.00348 

43.3 

+22.2 

.00348 

34.3 

+36.2 

.00273 

46.0 

-11.5 

.00398 

30.6 

2 


Remarks 


Vortex 

has 

beccme 

indistinct 
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TABLE  A- IV.  (CONTINUED)  COMPARISON  OP  PLOW  VECTORS  -  MODEL  V 


Time, 

lisec 

Position,  in. 

X  y 

Flw  Speed,  Angle, 
ft/sec  deg 

Densl-^,  x 
slugs/ft^ 

It/ft  Remarks 

3.550 

.452 

167.2 

+25.8 

.00348 

48.7 

3.695 

.749 

185.0 

+45.0 

.00348 

59.5 

3.852 

1.103 

286.2 

+55.2 

.00273 

112.0 

914 

3.273 

.123 

118.0 

+13.2 

.00407 

28.4 

3.324 

.315 

88.7 

-  2.1 

.00342 

13.5 

3.440 

.528 

121.7  - 

+31.3 

.00345 

25.5 

3.606 

.832 

187.2 

+31.2 

.00296 

52.0 

3.489 

.201 

61.4 

+  2.7 

.00407 

7.7 

3.583 

.477 

.  113.5 

+25.6 

.00342 

22.0 

3.713 

.767 

166.9 

+45.0 

.00345 

W.O 

3.914 

1.192 

278.2 

+52.5 

.00296 

114.7 
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ATTN:  Document  Control  Office 
6935  Arlington  Road 
Bethaeda,  Maryland 
Washington  l4,  D.C. 

1  U.S.  Documents  Officer 

U.S.  National  Military  Representative 
SHAPE 

APO  55<  New  York,  New  York 

1  Oommanding  Goneral 

U.S.  Army  Chemical  Coi’ps 
R  and  D  Command 
Washington  25,  D.C. 

1  Commanding  Officer 

U.S.  Army  Chemical  Warfare 
Laboratories 

Eii.gBWQod  Arsenal,  Maryland 

2  Chief  of  Engineers 
Building  T7,  Gravelly  Point 
Dapurtroent  of  the  Amy 
Washington  25,  D.C. 
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1  Commanding  General 

Engineering  Research  and 
Development  Laboratories 
ATTN:  Chief,  Technical 

Intelligence  Branch 

U.t..  Army 

Fort  Belvolr,  Virginia 

1  Commandant 

U.S.  Army  Engineers  School 
Fort  Belvoir,  Virginia 

1  Director 

Waterways  Experiment  Station 
ATTN :  Library 
Vicksburg,  Mississippi 

1  Commanding  General 

U.S.  Army  Signal  Research  and 
Development  Laboratory 
ATTN:  Technical  Documents  Center, 
Evans  Area 

Fort  Monmouth,  New  Jersey 

2  Commanding  Officer 

U.S.  Army  Signal  Missile  Support 
Agency 

ATTN:  SIGWS-RD-MM 
White  Sands  Missile  Range 
New  Mexico 

2  Commanding  General 

White  Sands  Missile  Range 
ATTN:  Technical  Library 
New  Mexico 

1  Commanding  Officer 

U.S.  Army  Transportation  Research 
Command 

ATTN;  Chief,  Technical  Information 
Division 

Fort  Eustis,  Virginia 


1  Commanding  General 

U.S,  Army  Continental  Command 
Port  Monroe,  Virginia 

1  Commanding  General 

U.S.  Army  Combat  Development 
Agency 

Fort  Belvoir,  Virginia 
1  President 

U.S.  Axmii  Air  Defense  Board 
Fort  Bliss,  Texas 

1  Commandant 

U.S.  Army  Air  Defense  School 
ATTN:  Command  and  Staff 
Department 
Fort  Bliss,  Texas 

1  Commanding  Officer 

Office  of  Special  Weapons 
Development 
Fort  Bliss  l6,  Texas 

1  Commandant 

Army  War  College 
ATTN :  Library 

Carlisle  Barracks,  Pennsylvania 

1  Chief  of  Research  and  Development 
ATTN:  Director/Special  Weapons 
Atomic  Division 
Department  of  the  Army 
Washington  25,  D.C. 

3  Chief,  Bureau  of  Naval  Weapons 
ATTN:  DIS-35 
Department  of  the  Navy 
Washington  25,  D.C. 

5  Chief  of  Naval  Operations 
Department  of  the  Navy 
Washington  25,  D.C. 
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1  Chief  of  Naval  Research  1 

ATTN:  Code  8ll 

Department  of  the  Navy 
Washington  25,  D.C. 

2  Chief,  Bureau  of  Ships  5 

ATTN:  Code  348 

Code  423 

Department  of  the  Navy 
Washington  25,  D.C. 

3  Chief,  Bureau  of  Yards  and  Docks  1 

ATTN:  Code  P-300 

D-400 

D-440 

Department  of  the  Navy 
Washington  25,  D.C. 

1 

1  Commanding  Officer  and  Director 
David  W.  Taylor  Model  Basin 
ATTN:  Aerodynamics  Laboratory 
Washington  7,  D.C.  1 

1  Commanding  Officer  and  Director 

U.8.  Navy  Electronics  Laboratory 
ATTN:  Code  4223  1 

San  Diego  ^2,  California 

1  Commanding  Officer 

U.S.  Damage  Control  Training  Center 
ATTN:  ABC  Defense  Course 
Naval  Base  1 

Philadelphia,  Pennsylvania 

1  Director  of  Naval  Intelligence 

ATTN:  0P-922V 
Department  of  the  Navy 
Washington  25,  D.C. 

1  Commander  1 

Norfolk  Naval  Shipyard 
ATTN:  Code  27O 
Portsmouth,  Virginia 


Commander 

U.S.  Naval  Ordnance  Test  Station 
ATTN:  Technical  Library 
China  Lake,  California 

Commander 

Naval  Ordnance  Laboratory 
ATTN :  Explosives  Department 
White  Oak 

Sliver  Spring  19,  Jfaryland 

Commanding  Officer  and  Director 
U.S.  Naval  Radiological  Defense 
Laboratory 

ATTN :  '  Technical  Information  Agency 
San  Francisco  24,  California 

Director 

U.S.  Naval  Research  Laboratory 
Washington  25,  D.C. 

Superintendent 

U.S,  Naval  Postgraduate  School 
Monterey,  California 

Commanding  Officer 

U.S.  Naval  Schools  Commend 

U.S.  Naval  Station 

Treasure  Island 

San  Francisco,  California 

Officer  In  Charge 
U.S.  Naval  School 
Civil  Engineer  Corps  Officers 
ATirN:  Code  753 

U.S.  Naval  Construction  Battalion 
Center 

Port  Hueneme,  California 
Commanding  Officer 

U.S.  Naval  Weapons  Evaluation  Facility 
ACTN:  Code  42 
Kirtland  Aii*  Force  Base 
Albuquerq.ue ,  New  Mexico 
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1  President 

UjS.  Naval  War  College 
Newport j  Rhode  Island 

1  Commander- in-Chief 

U.S.  Atlantic  Fleet 
U.S.Navdl  Base 
Norfolk  11,  Virginia 

1  Commander- in-Ghief 

U.S.  Pacific  Fleet 
FPO,  San  Francisco,  California 

1  Commanding  Officer 

U.S'.  Fleet  Training  Center 
ATTN:  Special  Weapons  School 
Naval  Station 
Norfolk  11,  Virginia 

2  Commanding  Officer 

U.S.  Fleet  Training  Center 
ATTN:  SPWP  School 
Naval  Station 
San  Diego,  California 

1  Commanding  Officer 

Nuclear  Weapons  Training  Center, 
Atlantic 

ATTN:  Nuclear  Warfare  Department 
U.S.  Naval  Base 
Norfolk  11,  Virginia 

2  Commanding  Officer 

Nuclear  Weapons  Training  Center, 
Pacific 

U.S.  Naval  Air  Station 

North  Island 

San  Diego  35,  California 

1  Commanding  Officer 
U.S.  Naval  Unit 
Chemical  Corps  School 
Army  Chemical  Training  Center 
Fort  McClellan,  Alabama 


No.  of 

Copies  Organization 

if-  Commandant 

U.S.  Marine  Corps 
ATTN:  Code  A03H 
Washington  25,  D.C. 

1  Commander 

Space  Systems  Division 
A.F.  Unit  Post  Office 
Los  Angeles  45,  California 

1  Commander 

Air  Force  Systems  Command 
Andrews  Air  Force  Base 
Washington  25,  D.C. 

3  Commander 

Air  Force  Cambridge  Research 
Laboratory 
ATTN':  CRED 
L.  0.  Hanscom  Field 
Bedford,  Massachusetts 

1  Commander 

Air  Force  Special  Weapons  Center 
ATTN:  Library 
Klrtland  Air  Force  Base 
New  Mexico 

1  Commander  ' 

Tactical  Air  Command 

ATTN:  Document  Security  Branch 
Langley  Air  Force  Base 
Langley  Field,  Virginia 

2  Director 

Air  University  Library 
ATTN:  (3T-AUL-60-118) 

Maxwell  Air  Force  Base 
Ohio 

1  Commander- in-Chlef 
Strategic  Air  Command 
ATTN:  Special  Weapons  Branch 
Inspector  Division 
Inspector  General 
Offutt  Air  Force  Base,  Nebraska 
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1  Commander 

Aeronautical  Systems  Division 
Wright- Patter son  Air  Force  Base 
Ohio 

1  Commander 

Air  Force  Logistics  Command 
Wrlght-Patterson  Air  Force  Base 
Ohio 

1  Commandant 

U.S.  Air  Force  Institute 
of  Technology 
ATTN:  Resident  College 
Wrlght-Patterson  Air  Force  Base 
Ohio 

1  Assistant  for  Atomic  Energy 
U.S.  Air  Force 
Washington  25,  D.C. 

1  Headquarters 
U.S.  Air  Force 
AFTAC 

Washington  25,  D.C. 

1  ‘•.i  .clal  Assistant  for  Installations 

US.  Air  Force 
AITN:  AFCIE-E 
Washington  25,  D.C. 

1  Director  of  Intelligence 
U.S.  Air  Force 
ATTN:  AP0IN-1B2 
Vfashington  2^,  D.C. 

1  Director  of  Plana 
U.S.  Air  Force 
ATON:  War  Plans  Division 
Washington  25,  D.C. 

1  Director  of  Requirements 
U.S.  Air  Force 
ATTN:  AFDRQ-SA/m 
Washington  23,  D.C. 
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Copies  Organization 

2  Director  of  Research  and 
Technology 
U.S.  Air  Force 

ATTN:  Chief,  Research  Division 

Combat  Components  Division 
Washington  25,  D.C. 

2  Director,  Project  RAND 

Department  of  the  Air  Force 
1700  Main  Street 
Santa  Monica,  California 

1  Manager 

Albuquerque  Operations 
U.S.  Atomic  Energy  Commission 
P.  0.  Box  5400 
Albuquerque,  New  Mexico 

2  U.S.  Atomic  Energy  Commission 
Technical  Information  Service 
1901  Constitution  Avenue,  N.W, 
Washington  25,  D.C. 

2  U.S.  Atomic  Energy  Commission 
Los  Alamos  Scientific  Laboratory 
ATTN :  Report  Librarian 
P.  0.  Box  1663 
Los  Alamos,  New  Mexico 

1  Director 

National  Aeronautics  and  Space 
Admini s  tration 

ATTN:  Mr.  Eugene  B.  Jackson  - 
Chief,  Division  of 
Research  Information 
1520  H  Street,  N.W. 

Washington  25,  D.C. 

2  Director 

National  Aeronautics  and  Space 
Administration 
ATTN:  Mr.  John  Stack 
Library 

Langley  Research  Center 
Langley  Field,  Virginia 
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1  Forest  Service 

U.S.  Department  of  Agriculture 
ATTN:  Mr.  A.  A.  Brown 

Chief,  Division  of  Forest 
Fire  Research 
Washington  25;  D.C. 

1  Armour  Research  Foundation 

Illinois  Institute  of  Technology 
Center 

ATTN:  Dr.  S.  J.  Fraenkel 
Division  of  Engineering  Jfechanlcs 
Chicago  l6,  Illinois 

1  Broadview  Research  Corporation 
ATTN:  Dr.  Richard  I.  Condit 
P.  0.  Box  1093 
Burlingame,  California 

1  Edgevton,  Germeshausen  and 
Grier,  Inc. 

ATTN:  D.  F.  Hansen 
Boston,  Massachusetts 

3  President 

Sandia  Corporation 
ATTN:  Dr.  E.  Cox,  Physics  Division 
Dr.  J.  Shreve,  Blast  Model 
Studies  Division 
Dr.  Walter  A.  MacNair 
Sandia  Base 

Albuquerque,  New  Mexico 

1  Applied  Physics  Laboratory 
The  Johns  Hopkins  University 
8621  Georgia  Avenue 
Silver  Spring,  Maryland 


1  Rensselear  Polytechnic  Institute 

ATTN:  Dr.  Clayton  Oliver  Dobrenwend 
Mason  House 
Troy,  New  York 

1  University  of  Michigan 

University  Research  Office 

ATTN:  Dr.  B.  Johnson 

Lobby  1,  East  Engineering  Bldg. 

Ann  Arbor,  Michigan 

1  Dr.  Walker  Bleakney 

Palmer  Physical  Laboratory 
Princeton  University 
Princeton,  New  Jersey 

1  Dr.  Otto  Laporte 

Engineering  Research  Institute 
University  of  Michigan 
Ann  Arbor,  Michigan 

1  Dr.  N.  M.  Newmark 

Illinois  Talbot  Laboratory 
Univer&ity  of  Illinois 
Urbana,  Illinois 

10  The  Scientific  Information  Office 
Defence  Research  Staff 
British  Embassy 

5100  Massachusetts  Avenue,  N.W. 
Washington  8,  D.C. 

4  Defence  Research  Member 
Canadian  Joint  Staff 
ATTN:  Canadian  Array  Staff 
2450  Massachusetts  Avenue,  r^I.W. 
Washington  8,  D.C. 


1  Massachusetts  Institute  of 
Technology 

ATTN:  Dr.  R.  J.  Hansen 
Cambridge  39,  Massachusetts 
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